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BROADCASTING BY MEANS OF SATELLITES 

N .  I .  Chistyakovl 

ABSTRACT: 
sa te l l i t e  broadcasting network are discussed; t h e  d i f fe rences  
and advantages as w e l l  as shortcomings o f  e l l i p t i c a l  and 
c i r c u l a r  o r b i t s ,  both equator ia l  and inc l ined  t o  t h e  plane 
o f  t he  equator ,  are out l ined.  The d i f fe rences  between passive 
and a c t i v e  communications satel l i tes  are pointed out and 
f a c t o r s  which complicate t h e  use of  sa te l l i tes  f o r  i n t e r -  
na t iona l  r a d i o  and t e l e v i s i o n  broadcasting are discussed 
(differences i n  language, time, broadcasting s tandards,  and 
population d i s t r i b u t i o n ) .  

The p r i n c i p l e s  involved i n  t h e  construct ion o f  a 

INTRODUCTION 

Radio and t e l e v i s i o n  make t h e  latest  achievements o f  c u l t u r e  general ly  
ava i l ab le ,  a1 low rap id  and widespread propagation of  information regarding 
l i f e  and events  over t he  e n t i r e  world, and communicate advanced ideas and 

knowledge. The predic t ion  made by V. I. Lenin, who c a l l e d  r ad io  a newspaper 

"without paper and 'without d i s tances ' - -a  g rea t  t h ing ,  an enormously important 
affair", has come t r u e .  The Twentieth Century i s  r i c h  i n  technica l  achieve- 

ments; they include atomic e lectr ic  power s t a t i o n s ,  e l e c t r o n i c  computer 

cen te r s ,  supersonic aircraft  and the  f l i g h t s  o f  space s h i p s  t o  o the r  p l a n e t s .  
I t  i s  q u i t e  poss ib le ,  however, t h a t  a f u t u r e  h i s t o r i a n  of t h e  technology o f  our 
e r a  w i l l  p lace  t h e  development o f  t e l e v i s i o n  and r ad io  broadcasting i n  f i rs t  

p lace  a s  far  as d i r e c t  s o c i a l  s ign i f icance  i s  concerned. 

One of  t h e  most i n t e r e s t i n g  chapters  i n  t h e  h i s t o r y  o f  r ad io  and te le-  
v is ion  opened when space explorat ion began and communication sa te l l i t es  were 
b u i l t  which allowed any r a d i o  s i g n a l s  ( f o r  example, such complex ones as t h e  
voices o f  thousands o f  telephone subscr ibers  o r  t e l e v i s i o n  s i g n a l s  simultane- 
ously) t o  be t ransmit ted over  thousands o f  kilometers through d e s e r t s  and over 

IProfessor and Doctor of Technical Sciences.  

*Numbers i n  the  margin i n d i c a t e  paginat ion i n  t h e  foreign t e x t .  
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oceans. 

are o the r  e f f e c t i v e  means f o r  telephone communication which a re  undergoing 

rap id  development (underground and underwater cables ,  r ad io  r e l a y  l i n e s ,  e t c . )  

A s a t e l l i t e  i n  a communications and broadcasting system serves  as a means 

of e leva t ing  a rad io  t r ansmi t t e r  above the  e a r t h  t o  a grea t  height  i n  order t o  

increase  the  range of  t ransmission.  

meter and decimeter waves a r e  used f o r  t e l e v i s i o n  t ransmission.  Unlike s h o r t ,  

medium and longwaves which are used f o r  rad io  communication and broadcasting 

and a re  not  s u i t a b l e  f o r  t e l e v i s i o n ,  t he  r ad io  waves i n  the  t e l ev i s ion  fre- 

quencies can propagate within l i m i t s  which a r e  sca rce ly  g rea t e r  than the  l i n e -  

-of-s ight  d i s tance  of  t he  t ransmi t t ing  antenna from the receiving poin t ;  they 

cannot go around the  curvature  of  t he  ea r th  and the re fo re  undergo rap id  de- 

t e r i o r a t i o n  with increas ing  d is tance  beyond the  l i n e  of  t he  horizon, so t h a t  

recept ion soon becomes impossible.  

t e l ev i s ion  t r ansmi t t e r s  i s  usua l ly  no more than 60 t o  80 km. 

This i s  e spec ia l ly  important i n  t h e  case o f  t e l e v i s i o n ,  s ince  the re  

This necess i ty  a r i s e s  from the  f a c t  t h a t  

For t h i s  reason the e f f e c t i v e  radius  o f  

In order  t o  increase  t h e  e f f ec t ive  radius  of t he  Moscow t e l ev i s ion  center  

t o  120 km, a tower more than h a l f  a km high was b u i l t ,  on which the t e l e v i s i o n  

t ransmi t t ing  antennas a r e  mounted. 

similar towers w i l l  be used i n  o ther  c i t i e s ,  but  t h e i r  cos t  i s  s t i l l  very high 

and the  p o s s i b i l i t y  of  a considerable increase i n  t h e i r  a l t i t u d e  i s  unl ike ly .  

/4 

It  i s  poss ib l e  t h a t  i n  the  near fu tu re  

Another so lu t ion  t o  the problem l i e s  i n  loca t ing  the  t e l ev i s ion  t ransmit-  

t e r  on an a i r c r a f t  (or  a ba l loon) ,  f l y i n g  a t  an a l t i t u d e  o f  severa l  km. This 

so lu t ion  was proposed by one o f  the  pioneers  i n  t e l e v i s i o n ,  Professor P. V. 
Shmakov. 

of Youth and Students i n  Moscow and gave p o s i t i v e  r e s u l t s .  

systems cannot i n su re  t e l e v i s i o n  recept ion over t he  t e r r i t o r y  of a la rge  

country o r  severa l  count r ies .  

the t r ansmi t t e r  t o  a height  of thousands and tens  of thousands of km. 

c l e a r  from Figure 1, which i s  a schematic representa t ion  of the pos i t i on  of  a 

s a t e l l i t e  a t  d i f f e r e n t  he ights  (pos i t ions  A, B,  C ,  D ) ,  t h a t  t he  higher  t he  

sa te l l i t e  is  above the  e a r t h ,  t he  g rea t e r  the  area within which the  s igna l s  

t ransmit ted by it can be received.  

Tests  were conducted i n  the  USSR i n  1957 during the World Fes t iva l  

However, a i r c r a f t  

A s a t e l l i t e ,  however, makes it poss ib le  t o  r a i s e  

I t  i s  
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When the  Soviet  na t ion  was marking the  

50th Anniversary of the  Great October Socialist 

Revolution, twenty t e l e v i s i o n  t r ansmi t t e r s  

l inked with receiving s t a t i o n s  i n  t h e  "Orbits" 
system and located many thousands of  k i l o -  

meters d i s t a n t  from the c a p i t a l  of the  country, 

were ab le  t o  receive the  program from the  

c e n t r a l  t e l ev i s ion  s tud ie s  through 940 lniya-  1" 

s a t e l l i t e s .  About twenty mi l l ion  inhabi tan ts  

of  r u r a l  areas  and remote d i s t r i c t s  i n  our 

l i nd  were ab le  t o  see  t e l ev i s ion  broadcasts 

from Moscow. 

The idea  of using s a t e l l i t e s  t o  t ransmit  

rad io  programs was or ig ina ted  about 25 years  

F i g u r e  1. ago. Its author i s  an English w r i t e r  wel l -  
known i n  our  country, t he  s c i e n t i s t  Arthur - /5 

Clarke. 

l i t e  and used t o  t ransmit  r ad io  and t e l e v i s i o n  programs t o  ea r th .  Three such 

s a t e l l i t e s ,  each located one-third of  t he  o r b i t  away from the next (Figure 2)  , 
would make it poss ib le  t o  t ransmit  rad io  o r  t e l e v i s i o n  programs t o  the  e n t i r e  

e a r t h ,  with the  exception of the areas  near  t he  poles .  

suggested as the  source of e l e c t r i c a l  energy f o r  the  t r ansmi t t e r s .  

He proposed t h a t  a rad io  t r ansmi t t e r  be placed i n  a s t a t iona ry  s a t e l -  

Solar  b a t t e r i e s  were 

Even K .  E.  Tsiolkovskiy showed i n  h i s  works t h a t  i f  a s a t e l l i t e  i s  located 

i n  a c i r c u l a r  o r b i t  a t  a he ight  of approximately t h i r t y - s i x  thousand kilometers 

above the  sur face  of the ea r th  and i f  i t s  o r b i t  l ies i n  t h e  plane of the  
equator and i t s  d i r ec t ion  of motion coincides with the d i r ec t ion  o f  r o t a t i o n  

of the e a r t h  on i t s  a x i s ,  t h i s  s a t e l l i t e  and the  ea r th  w i l l  r o t a t e  synchro- 

nously and the s a t e l l i t e  w i l l  remain above the  same area o f  t he -ea r th  a l l  the  

t i m e ,  i . e . ,  it w i l l  appear f ixed  as viewed from the  ea r th .  A sa te l l i t e  of t h i s  
kind is  ca l l ed  f*stat i .onary.  

There are two d i f f e ren t  kinds of  broadcasting, rad io  and t e l e v i s i o n .  
t he  standpoint of u t i l i z a t i o n  o f  sa te l l i tes ,  t e l ev i s ion  t ransmission is of  the  

From 
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g r e a t e s t  i n t e r e s t  a t  t h e  present  time, s i n c e  it i s  a source of much r i c h e r  

and more graphic information f o r  t he  subscr iber .  
- / 6  

Trans m i  s 5 i on o f r ad  i o  programs 

does not  n e c e s s a r i l y  requi re  t h e  

use o f  sa te l l i t es .  Broadcasting on 

long and medium waves covers immense 

d i s t ances ,  while s h o r t  waves are 
ab le  t o  t ransmit  r a d i o  programs 

p r a c t i c a l l y  without any l i m i t a t i o n  

on d i s t ance .  In addi t ion,  t h e r e  are 
simple and e f f e c t i v e  ways of  s t o r i n g  

r ad io  programs ( t r a n s c r i p t i o n  disks  

and magnetic t a p e ) ,  A i r  t ranspor t  

makes i t  poss ib le  t o  br ing  r ad io  

programs t o  a l l  corners of  the 

e a r t h .  The recording and broadcast-  

i ng  o f  t e l e v i s i o n  programs i s  s t i l l  

sub jec t  t o  considerable d i f f i c u l t i e s  

and t h e  cos t s  a r e  g r e a t e r .  S a t e l -  

r 

c 

Figure 2 .  

l i t e s ,  however, open up t h e  p o s s i b i l i t y  o f  t ransmi t t ing  t e l e v i s i o n  programs 

over any dis tance t o  t e r r i t o r i e s  of  any s ize .  

The general  f e a t u r e s  of  broadcasting systems employing s a t e l l i t e s  a r e  t h e  

fo 1 lowing : 

Programs from ground s t a t i o n s  are t ransmit ted t o  t h e  s a t e l l i t e ;  t h e  pro- 

grams are relayed back t o  e a r t h  by t h e  r ad io  equipment i n  t h e  s a t e l l i t e  and 

can be picked up anywhere within t h e  t e r r i t o r y  covered by the  s a t e l l i t e ;  

Programs from.the s a t e l l i t e  can be picked up by r e s i d e n t s  of  t he  t e r r i -  

t o r i e s  served by i t .  

Transmission of  information relayed through a s a t e l l i t e  i s  ca l l ed  

" s a t e l l i t e  communication." This system of  r ad io  broadcasting can therefore  be  

ca l l ed  "satel l i t e  broadcasting. 

4 
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There a r e  severa l  systems of s a t e l l i t e  broadcasting. They d i f f e r  i n  the  

type of equipment used on the  ground t o  receive the transmissions from the 

s a t e l l i t e  and pass  them on t o  the  population and a l s o  i n  t h e  type of  s a t e l -  

l i t e s  used. 

Passive and Active Communication S a t e l l i t e s  -- 
In p r inc ip l e ,  rad io  communications and broadcasting can be accomplished 

e i t h e r  through the na tu ra l  s a t e l l i t e  of t he  ea r th ,  the moon, o r  through an 

a r t i f i c i a l  s a t e l l i t e .  In view of the considerable d is tance  t o  the  moon and 

o ther  reasons,  broadcasting v i a  the  moon i s  s t i l l  imprac t ica l ,  s o  t h a t  our 

p r a c t i c a l  i n t e r e s t  w i l l  be l imi ted  t o  those systems using a r t i f i c i a l  s a t e l -  
l i t e s .  

There a re  two poss ib le  ways of t ransmi t t ing  s igna l s  v i a  a s a t e l l i t e  t o  
the  e a r t h :  

(1) using t h e  s a t e l l i t e  as a mirror  r e f l e c t i n g  rad io  waves t o  the  ea r th  

A communications s a t e l l i t e  which it has received from a ground t r ansmi t t e r .  

of t h i s  kind i s  ca l l ed  "passive"; 

(2)  use of  the s a t e l l i t e  as  a r e l ay  s t a t i o n .  Both receiving and t r a n s -  / 7  - 
mitt ing equipment is  i n s t a l l e d  i n  the  s a t e l l i t e .  The s igna l  from the  ground 

t ransmi t t ing  s t a t i o n  i s  received by the  s a t e l l i t e  r ece ive r ,  amplified and 

rad ia ted  t o  the  ea r th  through an antenna. 

type i s  ca l led  "act ive."  

A communications s a t e l l i t e  o f  t h i s  

A s t r i k i n g  f ea tu re  of the  passive s a t e l l i t e  i s  the  f a c t  t h a t  i t  requi res  

I t  can the re fo re  be of simple construc- no e l ec t ron ic  apparatus of any kind. 

t i o n  and a high degree of  r e l i a b i l i t y .  Since t h i s  s a t e l l i t e  only r e f l e c t s  a l l  

the  waves which reach it from the  ea r th ,  a l l  operat ions involving regula t ion  

and changing of wavelength, power and o the r  c h a r a c t e r i s t i c s  of the  rad io  s i g -  

na l  a r e  car r ied  out on e a r t h .  The s a t e l l i t e s  of t h i s  type which have ac tua l ly  

been made have taken t h e  form of a simple la rge  sphere made of  t h i n  metal l ized 

p l a s t i c  f i l m .  

The s igna l s  r e f l e c t e d  by the  s a t e l l i t e  reach only those poin t  on the  

ea r th  sur face  from which it can be seen above the  l i n e  of the  horizon. A s  we 
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have already mentioned, the  t e r r i t o r y  served w i l l  increase  i n  s ize  as the  

height  of t h e  s a t e l l i t e  increases .  This he ight  can reach hundreds and thou- 

sands of kilometers so  t h a t  a very small quan t i ty  of energy t ransmi t ted  from 

the  ground reaches the  s a t e l l i t e  and is r e f l e c t e d  from it t o  t h e  e a r t h  (Figure 

3 ) .  
t e n  thousand kilometers and the  diameter of t he  sa te l l i t e  i s  100 m, t he  s o l i d  

angle r e l a t i v e  t o  the  t r ansmi t t e r  f o r  . t h i s  diameter a t  t h e  given d is tance  w i l l  

only be approximately 2 seconds of angle.  

For example, i f  t h e  d i s t ance  from the  t r ansmi t t e r  t o  the  s a t e l l i t e  i s  

A modern antenna used t o  

t ransmit  s igna l s  t o  a communica- - 
t i o n s  s a t e l l i t e  from a ground 

s t a t i o n  i s  a complex engineering 

s t r u c t u r e  of  la rge  s i z e  which is  
the  most expensive p a r t  of  the  

s t a t i o n .  However, it makes it 

poss ib l e  t o  concentrate the 

r ad ia t ion  i n  a s o l i d  angle of 

- / 8  

only 5 t o  10 minutes of  angle.  

The sur face  of t h e  s a t e l l i t e  w i l l  

then amount t o  only 0.001 t o  

0.003% of the c ross -sec t iona l  

a r ea  o f  the  rad io  wave. In o ther  

Figure 3 .  

words, only one-third of the hundreds and thousands of  watts of energy rad- 

i a t e d  by the  t r ansmi t t e r  w i l l  reach the  sur face  of t h e  s a t e l l i t e ,  and of t h i s  

neg l ig ib l e  quant i ty  of energy only a very small p a r t  w i l l  be r e f l ec t ed  from 

the  spher ica l  sur face  of  the  s a t e l l i t e  t o  the  e a r t h .  

t h e  r e f l ec t ed  energy i n  the  d i r ec t ion  of t h e  e a r t h ,  it would be necessary t o  

give the  s a t e l l i t e  the  shape of a concave mirror  and orient1 it p rec i se ly  i n  

space.  

s t r u c t u r e  and t h e  i n s t a l l a t i o n  aboard it of  equipment f o r  remote cont ro l  and 

s t a b i l i z a t i o n ,  s o  t h a t  it would lose i t s  advantages of s impl i c i ty  of construc- 

t i o n  and high r e l i a b i l i t y .  

In order  t o  concentrate  

This would lead t o  a considerable complication of t he  s a t e l l i t e ’ s  

6 



Even i f  a l l  t h i s  energy were r e f l e c t e d  i n  the  d i r ec t ion  of t he  ea r th  

without losses  and f e l l  d i r e c t l y  on t h e  t e r r i t o r y  t o  be served, the  flow of 

energy from the  e a r t h  t o  the  s a t e l l i t e  would have t o  be 30 t o  100 thousand 

times more powerfui than the  required flow of  energy from t h e  s a t e l l i t e  t o  t h e  

ea r th .  Consequently, it would be necessary t o  add a s t i l l  g rea t e r  concentra- 

t i o n  of r ad ia t ion  from the  ground t r ansmi t t e r  and t o  increase  i t s ' power ;  t h i s  

would mean t h a t  t he  antenna would have t o  be of enormous dimensions and be 

aimed a t  the s a t e l l i t e  with a very high degree of  accuracy, and the power of 

the t r ansmi t t e r  would be thousands of times g rea t e r  than t h a t  of ordinary rad io  
broadcasting s t a t i o n s .  

be of  l i t t l e  value and a r e  p r a c t i c a l l y  not used a t  a l l  i n  modern s a t e l l i t e  
communication systems. 

For t h i s  reason, passive s a t e l l i t e s  have turned out t o  

I t  i s  more advantageous t o  equip the  s a t e l l i t e  with rad io  equipment which 
w i l l  provide a s u f f i c i e n t  increase  i n  the relayed s igna l .  The energy t o  power 

the  apparatus aboard t h e  s a t e l l i t e  can be obtained from s o l a r  b a t t e r i e s .  

In t h e  following sec t ions  of t h i s  booklet ,  we s h a l l  d i scuss  only systems 
with ac t ive  s a t e l l i t e s .  

Types of Television Broadcasting Systems Using S a t e l l i t e s  ~- 

The rad io  t r ansmi t t e r s  mounted aboard "Molniya-1'' communication s a t e l l i t e s  

have a power of 40 watts, with a d is tance  of approximately 40,000 km between 

t h e  s a t e l l i t e s  and the  receiving s t a t i o n s .  The powers. of t e r r e s t r i a l  t e l e -  

v i s ion  t r ansmi t t e r s  a r e  measured i n  k i lowat t s  and t ens  of k i lowa t t s ,  with an 

e f f ec t ive  radius  on the  order  of 100 km. I t  is  obvious from t h i s  comparison 

t h a t  t he  s igna l  received on the  ea r th  from the communications s a t e l l i t e  t r ans -  

m i t t e r  i s  many times weaker than an ordinary t e l ev i s ion  s igna l  received by a 
t e l ev i s ion  s e t ,  so  t h a t  i t  can be picked up only by spec ia l  s t a t i o n s  which a r e  

equipped with complex instruments.  The p o s s i b i l i t y  of s implifying the  rece iv-  

ing apparatus depends on f u r t h e r  increases  i n  the  power of  the  t r ansmi t t e r  

aboard the s a t e l l i t e .  

- /9 

In order  f o r  t e l e v i s i o n  viewers t o  receive a program t ransmi t ted  v i a  
sa te l l i t e ,  t he  s igna l s  received by the ground s t a t ion .mus t  t r a v e l  through 



r ad io  r e l ay  o r  cable  l i nks  t o  the  r a d i o - t r a n s m i t t e r s  of  t he  e x i s t i n g  t e l e -  

v i s ion  broadcasting network, t o  be re t ransmi t ted  and picked up by means of 
conventional t e l e v i s i o n  rece ivers  owned by the  populat ion.  No changes a re  

made i n  t h e  ground network f o r  t e l e v i s i o n  broadcast ing within t h e  a f fec ted  

area;  sa te l l i t e  rad io  communication merely plays the  r o l e  of an addi t iona l  

means o f  t ransmi t t ing  the  program i n  t h i s  network. 

used t o  replace r e l ay  s t a t i o n s  between remote areas  of the  country o r  between 

d i f f e r e n t  count r ies .  Figure 4 shows a t ransmission using a system of the  type 

described above, i n  one d i r ec t ion  (from poin t  A t o  po in t  B-). Two way communi- 

ca t ion  is  a l so  poss ib le .  

t r ansmi t t e r s .  

of t e l ev i s ion  programs between Moscow and Vladivostok, and a l s o  between Moscow 

and Par i s  v i a  the  "Molniya-1'' communication s a t e l l i t e s .  

A system of t h i s  kind i s  

In thi.s case,  both s t a t i o n s  a c t  as rece ivers  and 

An example of  t h i s  type of  use of  a s a t e l l i t e  is. the  exchange 

Figure 4 .  

Figure 5 shows a diagram i n  which s a t e l l i t e s  a r e  used as the p r inc ipa l  /10 
means o f  re lay ing  t e l e v i s i o n  programs over considerable d is tances .  

from the s a t e l l i t e  a r e  picked up by ground s t a t i o n s  a t  severa l  po in ts  and r e -  

layed t o  t e l ev i s ion  t r ansmi t t e r s  a t  l oca l  t e l e v i s i o n  centers,, which broadcast 

them t o  the population of t he  surrounding areas .  In t h i s  case,  t h e  s a t e l l i t e  

The s igna l s  
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"d is t r ibu tesq1  the  t e l e v i s i o n  programs t o  the  s t a t i o n s  belonging t o  t h i s  system 

and is therefore  ca l l ed  a "d is t r ibu t ing"  radio-broadcasting s a t e l l i t e .  

t h e  Soviet  communication s a t e l l i t e  system "Orbita" was b u i l t  t o  make it pos- 
s i b l e  t o  send programs from the  c e n t r a l  t e l e v i s i o n  s tudio  t o  25 mi l l ion  

c i t i z e n s  l i v i n g  i n  regions of t he  country fa r  from Moscow. 

Thus, 

Sateilite 

Figure 5 .  

I f  the power o f  t he  t r ansmi t t e r  aboard the  s a t e l l i t e  i s  increased,  t he  

s igna l  leve l  a l s o  w i l l  increase  a t  the  rece ivers  on the ground. 

a s impl i f i ca t ion  of the  receiving and re lay ing  apparatus and a l s o  makes it 

poss ib le  t o  pick up s igna l s  from a s a t e l l i t e  d i r e c t l y  on the  t e l e v i s i o n  r e -  

ce ivers  located i n  the  home (Figure 6 ) .  Radio broadcasting systems of t h i s  

kind which use s a t e l l i t e s  have been ca l l ed  a "system of d i r e c t  broadcasting." 

This leads t o  

There a r e  two poss ib le  vers ions of such a system1. 

1. A system which assumes the use of conventional rec'eivers and antennas 

/I1 located i n  the  home without any conversion o r  attachments. We can c a l l  a - 
system of  t h i s  type "generally ava i lab le ."  

. .  . .  

lThe names of the  types of  systems of  d i r e c t  broadcasting a r e  used by the  

author t o  s implify the exposi t ion of h i s  mater ia l  and are not o f f i c i a l  terms 
(Edi tor) .  
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2. A system which r equ i r e s  t h a t  t he  subscr ibers  have rece ivers  and an- 

tennas spec ia l ly  intended f o r  rece iv ing  programs rransmit ted v i a  s a t e l l i t e .  

A system of t h i s  kind w i l l  be ca l l ed  "special ."  

3 .  A system using t h e  ex i s t ing  ordinary rece ivers  but  requi r ing  addi t ion 

t i o n a l  attachments t o  these  rece ivers  i n  order  f o r  s a t e l l i t e  s igna l s  t o  be 

received,  i n  the  form of addi t iona l  antennas and some kind of attachment. 

system of t h i s  kind f o r  d i r e c t  broadcasting v i a  s a t e l l i t e s  w i l l  be ca l l ed  

"adapt ab1 e .  

4. 

A 

A system using the  conventional rece ivers  without any kind of  i n -  

dividual  attachments f o r  receiving programs from the  s a t e l l i t e  but  requi r ing  
j o i n t  f a c i l i t i e s  t o  se rve  a group of subscr ibers .  Since t h i s  kind of system 

is intended f o r  more o r  l e s s  la rge  groups r a t h e r  than i s o l a t e d  independent 

subscr ibers ,  we w i l l  c a l l  it a " c ~ l l e c t i v e ~ ~  system. 

Figure 6 .  

In the  f i n a l  s ec t ions  of  t h i s  booklet we w i l l  g ive a comparative est imate  

of these  types of systems of s a t e l l i t e  broadcasting. 

here  t o  a b r i e f  general  descr ip t ion  of the  c h a r a c t e r i s t i c s  of the  systems of 

d i r e c t  broadcasting without tak ing  up the  quest ion of  r e a l i c y  o r  the  d i f f i c u l -  
t i e s  i n  t h e i r  p r a c t i c a l  achievement. 

We w i l l  l i m i t  ourselves 
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The c o l l e c t i v e  system i s  not separated by a d e f i n i t e  boundary from the  - /12 
d i s t r i b u t i n g  system described above; i n  t h i s  case,  the  communication s a t e l l i t e  
t r ansmi t t e r  must have s u f f i c i e n t  energy t h a t  the co l l ec t ive  receiving equip- 

ment can be made simply, cheaply and therefore  r e l a t i v e l y  la rge .  Cables can 

be used t o  t ransmit  the s igna l s  received from the antenna t o  the  individual  
rece ivers  as i s  done i n  high r i s e  bui ldings i n  c i t i e s  which use master anten- 

nas for t e l e v i s i o n  recept ion.  

The genera l ly  ava i l ab le  system i s  t.he most complete r e a l i z a t i o n  of t h e  

idea of d i r e c t  broadcasting v i a  s a t e l l i t e .  

i n t o  ac t ion  immediately following launching of t h e  s a t e l l i t e .  
shown l a t e r  on t h a t  t he re  a r e  ser ious  reasons f o r  doubting the  p o s s i b i l i t y  of 

construct ing a system of t h i s  kind i n  the  near fu tu re .  One reason f o r  t h i s  i s  
the need f o r  a very la rge  s a t e l l i t e  with a powerful t r ansmi t t e r ,  which e n t a i l s  

overly grea t  expenditure i n  i t s  launching. 

A system of t h i s  kind could go 

I t  w i l l  be 

The spec ia l  system, s u i t a b l e  only f o r  recept ion  of programs v i a  s a t e l l i t e ,  

i s  unsui table  f o r  use i n  areas  where the re  i s  already a network of ground 

t e l e v i s i o n  s t a t i o n s  and where the  population has conventional r ece ive r s .  Ex- 

perience has shown t h a t  i f  t he  population already has the p o s s i b i l i t y  f o r  

regular ly  receiving programs v i a  an ex i s t ing  broadcasting network, i t  w i l l  be 
unwil l ing t o  agree t o  s i g n i f i c a n t  addi t iona l  expenditures.  
is  the  f a c t  t h a t  even co lor  t e l e v i s i o n  is  spreading very slowly regard less  of 

the  new q u a l i t a t i v e  e f f e c t  which i s  obtained. Its in t roduct ion  has been made 

poss ib le  through the s e l e c t i o n  of a compatible system, i . e . ,  one which has 
made it poss ib le  t o  watch co lor  broadcast  using conventional "black and white" 

rece ivers  (of course,  the  image received on the  l a t t e r  i s  not i n  co lo r ) .  

A n  example of t h i s  

The adaptable system i s  more r e a l i s t i c ,  but  t he  widespread development of  

such systems i n  areas  where the re  i s  already a ground network of  t e l e v i s i o n  
broadcasting w i l l  a l so  encounter r e s i s t ance .  Adapters f o r  conventional r e -  

ce ivers  and spec ia l  antennas which a r e  required f o r  rece iv ing  programs from 

the s a t e l l i t e s  w i l l  hardly gain mass acceptance. This i s  ind ica ted ,  for ex- 

ample, by the  experience i n  using d i f f e r e n t  types of  devices f o r  receiving 
rad io  programs t ransmit ted on meter waves with frequency modulation and s t e reo -  

phonic programs on old rece ivers  intended for receiving amplitude modulated 
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s igna l s .  

t h e  problem has been the  manufacture of  la rge  rece ivers  capable of  rece iv ing  

r ad io  t ransmissions of  both kinds.  

These devices have found very small demand and use.  The so lu t ion  t o  

I t  i s  obvious t h a t  of t he  systems of d i r e c t  t e l e v i s i o n  broadcast ing by 
means of s a t e l l i t e  which we have discussed above, t h e  most r e a l i s t i c  i n  the  

near fu tu re  i s  the  d i s t r i b u t i v e  (pa r t i cu la r ly  the  "Orbita" type)  and the  co l -  

l e c t i v e  systems. 

- /13 

Orbi t s  of S a t e l l i t e s  Used f o r  Radio Communication and Broadcasting --- - -- 

The o r b i t s  of s a t e l l i t e s  are character ized by the  angle o f , i n c l i n a t i o n  

of the  plane of the  o r b i t  t o  t he  plane of  t he  equator ,  as well as t h e  height  

and shape o f  the  o r b i t .  

As  far  as the  angle of  i n c l i n a t i o n  i s  concerned, t h e r e  a re  equa to r i a l ,  

po lar  and inc l ined  o r b i t s .  In the f irst  case,  the  plane of  the  o r b i t  co- 

inc ides  with t h e  plane of  t he  equator;  i n  the  second case i t  coincides with 

the  plane of the  meridian and the  angle of i n c l i n a t i o n  i s  equal t o  90"; t he  

o r b i t  o f  the s a t e l l i t e  passes  over the North and South Poles.  In t h e  t h i r d  

case ,  the  angle of  i n c l i n a t i o n  of t he  plane of  t he  o r b i t  has a value between 

0 and 90". 

There a r e  both c i r c u l a r  and e l l i p t i c a l  o r b i t s .  In the  f i rs t  case,  t he  

shape of the  o r b i t  i s  c lose  t o  a c i r c l e ,  i . e . ,  t h e  height  of the  s a t e l l i t e  

above the  sur face  of t he  ea r th  remains p r a c t i c a l l y  t h e  same and the  center  of 

the  o r b i t  coincides with the  cen te r  of the  ea r th .  In t h e  second case the  

height of the  s a t e l l i t e  changes within r e l a t i v e l y  wide l i m i t s  from a minimum 

value a t  per igee t o  a maximum a t  apogee. 

law, one o f  t he  foc i  of  an e l l i p t i c a l  o r b i t  coincides-with t h e  center  of mass 
of the ea r th .  

In accordance with Kepler 's  f irst  

The motion of t h e  s a t e l l i t e  i n  i t s  o r b i t  follows Kepler 's  second law, 

according t o  which the radius-vector  ( in  t h i s  case a s t r a i g h t  l i n e  jo in ing  the  

s a t e l l i t e  t o  the cen te r  of t he  ea r th )  covers equal a reas  i n  equal i n t e r v a l s  

of  time. According t o  t h i s  law t h e  same per iod o f  time is  required f o r  the  

sa te l l i t e  t o  cover the  por t ion  o f  the  o r b i t  marked AB as i s  required t o  cover 
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por t ion  CD, so  t h a t  t he  a r e a  of s ec to r s  AOB and COD (Figure 7) are equal.  

From t h i s  it follows t h a t  t h e  speed of the  s a t e l l i t e  along i t s  o r b i t  i s  m a x i -  
mum a t  per igee  and minimum a t  apogee. Consequently, i n  t h e  case of a con- 

s iderably  elongated e l l i p t i c a l  o r b i t  (with a very high apogee) t h e  s a t e l l i t e  

t r a v e l s  r e l a t i v e l y  slowly through t h e  area of  t he  apogee and r ap id ly  through 

the  area of t h e  per igee.  

The per iod of  r o t a t i o n  of the  s a t e l l i t e  i n  hours can be determined by the  - /14 

formula 

where a is the  major semiaxis of t he  e l l i p t i c a l  o r b i t  (Figure 7) o r  the  rad ius  

of a c i r c u l a r  o r b i t  i n  thousands of ki lometers .  

From t h i s  it follows i n  p a r t i c u l a r  t h a t  

when the  rad ius  of the  o r b i t  i s  approximately 

42,000 km, i . e . ,  when the  s a t e l l i t e  i s  approxi- 

mately 36,000 km above t h e  sur face  of t h e  earth, 

i t s  per iod of r o t a t i o n  i s  24 hours.  A s a t e l l i t e  

with such a per iod  

o r b i t  and moving i n  the  same d i r ec t ion  as the  

d i r ec t ion  of r o t a t i o n  of the  ea r th  on i t s  ax is  

(Figure 8) w i l l  be f ixed r e l a t i v e  t o  the  sur -  

face  of  the  e a r t h .  This i s  the  only case when 

n a c i r c u l a r  equator ia l  

Perigee 

Figure 7 

the  length o f  the  per iod of  transmission of a 
broadcast  v i a  s a t e l l i t e  can be i n d e f i n i t e l y  

long. 

When the  plane o f  t he  o r b i t  o f  the  s a t e l -  
l i t e  shows considerable devia t ion  from the plane of the equator  and when it 

has a d i f f e r e n t  per iod of  r o t a t i o n ,  t he  pos i t i on  of t he  s a t e l l i t e  r e l a t i v e  t o  
t h e  sur face  of  the  ea r th  changes. 

communication o r  broadcast ing v i a  s a t e l l i t e  i s  l imi ted  t o  the  time of i t s  pas- 
sage over t he  t e r r i t o r y  t o  be served. For example, when the  s a t e l l i t e  i s  a t  a 

In t h i s  case t h e  length of the  per iod of  

13 
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I l l  I IllllllIlll I l l  

height  on the  order  o f  2 t o  5 thousand ki lometers ,  t h e  maximum durat ion of 

communication is  0.5 t o  1 h r .  In addi t ion,  as w e  showed i n  Figure 1, decreas- 

i ng  height  means decreasing s i z e  o f  t h e  area reached by t h e  s i g n a l s  r a d i a t e d  

by t h e  s a t e l l i t e .  All of  t h i s  considerably reduces t h e  e f fec t iveness  of  a 

broadcast  from a s a t e l l i t e  which has a low o r b i t ,  s i n c e  it  presents  no ad- 

vantages. 

/15 - 

With an e l l i p t i c a l  o r b i t  having a 

height  a t  apogee o f  approximately 40 

thousand ki lometers  and a height  a t  

per igee of  approximately 0 . 5  thousand 

ki lometers ,  t h e  major semiaxis of t h e  

e l l i p s e  a = 27 thousand kilometers and 

t h e  per iod of  r o t a t i o n  T = 1 2  hours ,  

A l a rge  p a r t  of  t h i s  period corresponds 

t o  passage through apogee. Consequently, 

Figure 8.  

by broadcasting v i a  s a t e l l i t e  while t h e  l a t t e r  i s  located a t  areas  of maximum 

he igh t ,  it i s  p o s s i b l e  no t  only t o  broadcast  t o  a l a r g e  t e r r i t o r y  but  a l s o  t o  

have a long per iod of continuous transmission (approximately 8 hours).  

d i r e c t i o n  of movement of  t h e  s a t e l l i t e  along i t s  o r b i t  must coincide with t h e  

d i r e c t i o n  of r o t a t i o n  of t h e  ea r th ;  i n  t h i s  case,  t h e  ra te  of movement of  t h e  

s a t e l l i t e  r e l a t i v e  t o  t h e  e a r t h  i n  passing through apogee is somewhat less.  

The 

Therefore, from the  s tandpoint  of  poss ib le  durat ion of continuous broad- 

cas t ing ,  it i s  t h e  o r b i t  with t h e  high apogee and s t a t i o n a r y  o r b i t  which are 

of  p r a c t i c a l  importance. 

As we pointed out ear l ier ,  recept ion o f  s i g n a l s  from a s a t e l l i t e  i s  pos- 

s i b l e  over an a rea  i n  which it is  v i s i b l e  above t h e  horizon. 

region of  r e l i a b l e  recept ion i s  somewhat smaller, s i n c e  we must consider only 

t h e  zone i n  which t h e  s a t e l l i t e  i s  observed above t h e  horizon a t  an angle 

@min 
ce iver  undergoes a rapid and considerable increase  i n  t h e  noise  l eve l  of 
terrestr ia l  o r i g i n .  

In p r a c t i c e ,  t h e  

= 5 t o  7' (Figure 9 ) .  A t  smaller angles,  t h e  antenna o f  t h e  ground re- - /16 
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In Figure 10, f o r  a spec ia l  m; case i n  which the  s a t e l l i t e  i s  
located i n  a s t a t iona ry  o r b i t ,  we 

have shown the  l i n e s  along which 

the  s a t e l l i t e  i s  v i s i b l e  from 

e a r t h  at  var ious f ixed  angles 

, e .  ,. '.?In I 

\4  ?.*. 

Figure 9.  r e l a t i v e  t o  the  horizon. In the  
a rea  enclosed between 0' and l o o ,  

recept ion i s  impeded by an increase  i n  noise  and is  completely impossible be- 

yond the  0" l ine .  

s a t e l l i t e  makes it poss ib le  t o  cover completely such cont inents  as Afr ica  o r  
South America, located on both s ides  of the  equator and elongated i n  the  meri- 

dianal  d i r ec t ion .  But one s t a t i o n a r y  s a t e l l i t e  cannot simultaneously serve 

a l l  of the European and Asia t ic  cont inents ,  which a r e  located completely i n  

the  Northern Hemisphere and a r e  elongated with l a t i t u d e .  For a simultaneous 

broadcast within the  l i m i t s  of t he  e n t i r e  cont inent ,  two such s a t e l l i t e s  a r e  

required o r  a s a t e l l i t e  of  the  "Molniya-1" type on an e l l i p t i c a l  inc l ined  

o r b i t  having i t s  apogee above the region t o  be served (Figure 11) .  I t  is  then 
v i s i b l e  within the  l i m i t s  of t h e  shaded area  f o r  the  e n t i r e  per iod of i t s  move- 

ment along the  segment AB of i t s  t r a j e c t o r y .  
law, the  time required t o  t r ave r se  t h i s  segment cons is t s  of the  por t ion  of the 

period of r o t a t i o n  of the s a t e l l i t e  which corresponds t o  the  r a t i o  of the  a rea  

of s ec to r  AOB t o  the  t o t a l  a rea  of the  e l l i p s e .  

r a t i o  i s  approximately one-half ,  i. e .  , the  s a t e l l i t e  ensures long per iods of 

communication and broadcasting f o r  t h e  e n t i r e  shaded area .  

kept i n  mind, however, t h a t  i n  many cases simultaneous transmission of the  

same program t o  the Grestern and e a s t e r n  t e r r i t o r i e s  of  a cont inent  i s  not de- 

s i r a b l e  due t o  the l a rge  d i f fe rence  i n  loca l  time. 

I t  i s  a l s o  apparent from t h i s  i l l u s t r a t i o n  t h a t  a s t a t iona ry  

According t o  Kepler's second 

In the  example given, t h i s  

I t  should a l s o  be 

The following f ac to r s  must be taken i n t o  account i n  selecting,comparing 

and choosing o r b i t s  : 

/17 - S u i t a b i l i t y  of  the o r b i t  f o r  t h e  planned system; 

Physical conditions t o  which t h e  s a t e l l i t e  i s  subjected i n  o r b i t ;  
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Technical and economic f a c t o r s  involving t h e  rocket  system required t o  

p lace  s a t e l l i t e s  i n  comparable o r b i t s .  

. -  

Figure 10. 

The se l ec t ion  o f  an e l l i p t i c a l  o r b i t  i s  made 

i n  view of t he  f a c t  t h a t  the  ea r th  i s  not a t r u e  

sphere but  f l a t t e n e d  a t  the  poles .  This has an 

e f f e c t  on 'the d i r ec t ion  o f  the force  of grav i ty  

ac t ing  on the  s a t e l l i t e  which d i f f e r s  somewhat 

from the d i r ec t ion  a t  t h e  center  of  the  e a r t h  and 

changes as t h e  s a t e l l i t e  moves along i t s  o r b i t .  

As a r e s u l t ,  t h e  major ax is  of the  e l l i p s e  grad- 

u a l l y  changes i t s  pos i t i on  r e l a t i v e  t o  the  ax i s  of 

t he  ea r th ,  i . e . ,  t he re  i s  a change i n  t h e  l a t i t u d e  

of t he  apogee ( t h i s  does not take  place i n  the 

case of an e l l i p t i c a l  equator ia l  o r b i t ) .  

Figure 11. 
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The inc l ined  o r b i t  most f requent ly  used i s  t i l t e d  a t  an angle o f  63' t o  

t h e  plane o f  t h e  equator.  

which t h e  apogee w i l l  f a l l  remains f ixed .  An o r b i t  of t h i s  kind i s  s u i t a b l e  

f o r  t h e  Soviet  Union and other  countr ies  which are located i n  t h e  Northern 

Hemisphere, so  t h a t  it i s  a l s o  employed f o r  s a t e l l i t e s  of t h e  "Molniya-1" 

type. In s e l e c t i n g  t h e  o r b i t s  o f  sa te l l i t es  intended f o r  long term use,  it i s  
necessary t o  t ake  i n t o  account t he  d is turb ing  e f f e c t  of  ou ter  space on condi- 

t i o n s  surrounding them. The r a d i o  equipment aboard t h e  s a t e l l i t e s  can be 

damaged ser ious ly  by ion iz ing  r a d i a t i o n  i n  t h e  form of  a f l u x  o f  protons with 

high energies .  Bombardment of  r ad io  instruments by charged p a r t i c l e s  changes 

t h e  physical  p roper t ies  of  t h e i r  elements and leads e i t h e r  t o  breakdown o r  t o  

d e t e r i o r a t i o n  of t h e  fundamental c h a r a c t e r i s t i c s  of the  apparatus.  

In t h i s  case t h e  l a t i t u d e  of t h e  observer above 

Studies conducted by Soviet  and American s c i e n t i s t s  using spacecraf t  

have shown t h a t  t h e  e a r t h  i s  surrounded by equator ia l  b e l t s  of concentrated 

charged p a r t i c l e s ;  t h e r e  i s  an inner  and an outer  b e l t  (shown schematically 

i n  Figure 12) .  The inner  b e l t ,  which begins a t  a height  of  s eve ra l  hundred 

kilometers,  has a concentration of  high-energy p a r t i c l e s  (up t o  hundreds of 

mil l ions of e lec t ron  v o l t s ) ,  mainly protons.  

found a t  a height  of  8 t o  9 thousand kilometers.  Further out  i s  t h e  second 

b e l t ,  a zone which extends from 15-20 t o  40-50 thousand ki lometers ,  i n  which 

t h e  concentration of  p a r t i c l e s  (e lectrons)  i s  very s i g n i f i c a n t  but t h e i r  

energy is  comparatively small ( tens  and hundreds of e l e c t r o n  v o l t s ) .  Be,yond 

t h e  l i m i t s  of the o u t e r  b e l t ,  a t  a d i s tance  of 45 t o  80 thousand kilometers,  

one more b e l t  ("outermost") has been found, cons is t ing  o f  low-energy p a r t i -  

c l e s .  

The maximum concentration i s  

In order  t o  p r o t e c t  t h e  equipment aboard t h e  s a t e l l i t e  from r a d i a t i o n  i n  

t h e  zone of  maximum a c t i v i t y  ( a t  a l t i t u d e s  from approximately 1,800 t o  9,000 

ki lometers) ,  metal screens t ens  of centimeters t h i c k  would be required; t h i s  

i s  impract ical  due t o  t h e  very high weight. This means t h a t  t h e  o r b i t s  must 

be se lec ted  so t h a t  they pass through t h e  l e s s  dangerous zones. The most 

r e l i a b l e  so lu t ion  t o  t h e  problem cons i s t s  i n  using a s t a t i o n a r y  s a t e l l i t e  

located i n  a high circular o r b i t .  

a l s o  be chosen so  t h a t  the i n t e r n a l  r a d i a t i o n  b e l t s  w i l l  be involved t o  a 

- /18 

The parameters of  an e l l i p t i c a l  o r b i t  can 
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minimum degree, but  i t  is  much more d i f f i c u l t  t o  do away completely with i t s  

harmful inf luence i n  t h i s  case.  

Figure 1 2 .  

Se lec t ion  - of  Wavelength 

Long range rad io  communication between po in t s  on the ground without a 

s a t e l l i t e  i s  usua l ly  accomplished with shortwaves. 

waves from the t r ansmi t t e r  do not pass  through t h e  atmosphere but a r e  re- 
f l e c t e d  from i ts  ionized layers ,  located a t  he ights  o f  100-300 km, and reach 

rece ivers  thousands of kilometers away. However, a pecu l i a r  f ea tu re  of s a t e l -  

l i t e  communicatiomand broadcasting is t h a t  waves from a ground s t a t i o n  t o  a 
s a t e l l i t e  and from a s a t e l l i t e  t o  the  ground must move f r e e l y  through the  

atmosphere. 

pass  through the atmosphere without excessive absorption and r e f r a c t i o n  i s  

ca l l ed  the  atmospheric "radio window." The longest waves i n  t h i s  region a r e  

20-30 meters and the  s h o r t e s t  are 1.5 t o  3 cm. Longer waves a r e  r e f l e c t e d  

from the  ionosphere and do not  pass through it from the e a r t h  t o  ou te r  space 

o r  i n  the  opposite d i r e c t i o n ,  while t he  sho r t e r  ones a re  considerably 

absorbed by the  atmosphere. 

much'shorter than 1.5-3 cm. 

A t  t h i s  wavelength, t h e  

The range of wavelengths i n  which t h e  t ransmit ted rad io  s igna l  

Other radiowindows e x i s t  i n  t h e  range of waves 

In t h e  range of  the  very longest waves i n  t h i s  region,  a considerable - / I 9  

inf luence on rad io  recept ion  i s  exerted by extraneous r ad ia t ion  of cosmic 
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or ig in  as well  as thermal r ad ia t ion  which a r i s e s  i n  the  ea r th  and i n  the  

atmosphere. 

rad io  s igna l s .  The s h o r t e r  the  wavelength, the  l e s s  the e f f e c t  of these  

noises;  when waves 15-30 c m  long a re  used f o r  rad io  communication, t h e i r  l eve l  

decreases t o  the  l eve l  of t h e  na tu ra l  noise  of t he  r ad io  r ece ive r s .  If the  

wavelength i s  less than 4-5 cm, the  absorption of rad io  waves i n  the  atmo- 

sphere increases  due t o  the  presence of water vapor and droplets,smoke 
p a r t i c l e s ,  dust  and so on. 

These a r e  r e fe r r ed  t o  as noise  and can d i s tu rb  recept ion of weak 

For the  reasons given, it i s  most advantageous f o r  s a t e l l i t e  communica- 

t i o n  t o  use the range o f  rad io  waves from 4 t o  15 cm corresponding t o  frequen- 

c i e s  of (7.5 t o  2)  10 However, t h i s  range i s  a l s o  

the  most s u i t a b l e  one f o r  r ad io  r e l ay  communication. Therefore,  one of the  

most important problems i n  designing rad io  r e l ay  and s a t e l l i t e  systems f o r  

communication i s  the j o i n t  use of  common waves. 

9 Hz, o r  (7.5 t o  2)  G H z l .  

In order  t o  avoid mutual i n t e r f e rence ,  standards have been introduced 

which 1 i m i t . t h e  power of rad io  s igna l s  a t  the surface of the  ea r th  or ig ina t ing .  

i n  t r ansmi t t e r s  located i n  s . a t e l l i t e s .  The d is tances  between the  s t a t i o n s  of 

both communications systems a r e  q u i t e  la rge .  Ground s t a t i o n s  f o r  s a t e l l i t e  

communication a r e  located so  t h a t  they a re  shielded from rad ia t ion  from rad io  

s t a t i o n s  of o ther  r ad io  networks by h i l l s  o r  mountains. Antennas with a sharp 

d i r ec t iona l  diagram a r e  used, i n  which the  l a t e r a l  r ad ia t ion  i n  the  d i r ec t ion  
of s t a t i o n s  belonging t o  o the r  systems and the  recept ion of extraneous rad ia-  

t i ons  from the s i d e  a re  i n s i g n i f i c a n t .  
s t a t i o n s  are chosen so  t h a t  the  r ad ia t ion  from t h e i r  t r ansmi t t e r s  w i l l  not be 

able  t o  propagate i n  the  d i r ec t ion  of a s t a t iona ry  o r b i t  on which communica- 

t i o n s  s a t e l l i t e s  may be located.  

In planning rad io  r e l a y  l i n k s ,  the  

Televis ion and rad io  broadcast ing s t a t i o n s  operate  on f ixed  wavelengths 

which a re  chosen f o r  t h i s  purpose i n  accordance with in t e rna t iona l  agreement. 
Therefore, the  mass produced rad io  and t e l ev i s ion  rece ivers  produced i n  many 

countr ies  a r e  designed t o  work a t  these  wavelengths. 
lengths t h a t  general ly  ava i lab le  systems of s a t e l l i t e  broadcast ing can be 

employed. 

1 GHz (Gigahertz) = 1,000 MHz = lo4 Hz.  

I t  i s  only a t  these  wave- 

a 
This l imi t a t ion  is done away with by using d i s t r i b u t i v e  s a t e l l i t e s  

_ _  
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as well as adaptable and c o l l e c t i v e  systems, s i n c e  i n  t h e  l a t te r  cases t h e  

frequency (length of r a d i o  waves) of  t h e  t r a n s m i t t e r  located i n  t h e  sa te l l i t e  
can d i f f e r  from t h e  frequency t o  which t h e  subscr ibers ’  receivers are tuned. 

This is  explained by t h e  fact t h a t  t h e  frequency o f  t h e  s i g n a l  received from 

t h e  sa te l l i t es  can be changed t o  any o ther  frequency i n  a s p e c i a l  ground-based - /20 

apparatus which w i l l  correspond t o  t h e  working range of  t h e  rece ivers  located 

i n  t h e  home. 

The d i s t r i b u t i v e  system i s  a t y p i c a l  example of  s a t e l l i t e  r ad io  communi- 

ca t ion  f o r  which i n t e r n a t i o n a l  agreements have set  a s ide  a s u f f i c i e n t  number 

of  working wavelengths t o  be used j o i n t l y  with ground-based systems of  r ad io  

communication. 

In t h e  f irst  s t a g e  of study and development of  s a t e l l i t e  communications 

(1958-1963) t h e  s e t t i n g  a s ide  o f  wavelengths f o r  t h i s  type o f  communication 

was an important problem. 

could function without generat ing noise  i n  a l ready e x i s t i n g ,  highly developed 

r ad io  systems and without themselves being subjec t  t o  noise  from such sources.  

A t  t h e  end of 1963 an extraordinary Administrative Conference on Radio Com- 

munication (EACR) was he ld  i n  Geneva, attended by representa t ives  of t h e  member 

nat ions of t h e  i n t e r n a t i o n a l  Telecommunication Union, t o  which t h e  Soviet 

Union belongs. The decis ions o f  t he  EACR es tab l i shed  t h e  ranges of r ad io  

waves f o r  r ad io  systems t o  be used i n  space and a l s o  es tab l i shed  t echn ica l  

standards f o r  s a t e l l i t e  communication systems. This enabled s a t e l l i t e  systems 

t o  operate  on common rad io  frequencies with e x i s t i n g  ground telecommunications 

systems. 

I ts  so lu t ion  depended on whether o r  not new systems 

The following frequency ranges are set  a s ide  f o r  s a t e l l i t e  communication: 

f o r  t he  ” e a r t h - s a t e l l i t e ”  r ad io  channel, 4.4 t o  4.7 GHz, 5.725 t o  6.425 GHz 

and 7.9 t o  8 .4  G H z ;  f o r  t h e  “ s a t e l l i t e - e a r t h ”  channel, 3.4 t o  4 . 2  GHz and 7.25 

t o  7.75 G H z .  

Select ion o f  t he  technica l  c h a r a c t e r i s t i c s  o f  a ground network of t e l e -  

v i s i o n  and r ad io  broadcasting depends t o  a l a r g e  ex ten t  on considerations of  

maximum s impl ic i ty  and low p r i c e  of subscr iber  rece ivers  by increasing t h e  

power and complexity of t h e  t ransmi t t ing  s t a t i o n s .  This s o r t  of  approach i s  
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necessary s ince  exis tence of  a very l a rge  number of  rece ivers  (hundreds of  

thousands o r  mil l ions)  would mean t h a t  increasing t h e i r  number would be re- 

f l e c t e d  i n  the  t o t a l  c o s t  of  t h e  system t o  a g r e a t e r  extent  than increasing 

t h e  c o s t  of  t h e  t r ansmi t t e r .  

In t h e  case o f  s a t e l l i t e  broadcasting t h e  requirement f o r  s i m p l i c i t y  of  

subscr iber  r ece ive r s  remains i n  effect ,  of course. However, s i g n i f i c a n t  i n -  

crease i n  t h e  power of t he  t r a n s m i t t e r  located i n  t h e  s a t e l l i t e  poses very 

g rea t  d i f f i c u l t i e s ,  For t h i s  reason, s e l e c t i o n  of t h e  p r i n c i p a l  parameters 

f o r  systems of s a t e l l i t e  broadcasting i s  much more complicated and r equ i r e s  

simultaneous considerat ion both of t h e  ground receiving network and t h e  equip- 

ment aboard the  s a t e l l i t e .  

The following r ad io  frequency ranges a r e  s e t  as ide f o r  t e l e v i s i o n  broad- 

cas t ing  i n  Europe3: I--48.5 t o  66 MHz; 11--76 t o  100 MHz; 111--174 t o  230 MHz; 

IV--470 t o  622 MHz; V--622 t o  958 MHz; V I - - 1 1 . 2  t o  11.7 GHz. I t  is  ranges I ,  

I1 and I11 (meter wave) which a r e  used most. Ranges I V  and V (decimeter 

waves) have begun t o  be used r e c e n t l y  i n  some countr ies .  

/ 2 1  - 

If a question had a r i s e n  regarding the construct ion of a general ly  a v a i l -  

able  system of  d i r e c t  s a t e l l i t e  broadcasting, transmissions from a s a t e l l i t e  

would have t o  be made on wavelengths i n  t h e  ranges given above, s ince  t h e  

broadcast  could not be picked up on e x i s t i n g  receivers  i f  they were on o ther  

wavelengths. Ranges (or bands) I V  and V have been used t o  t h e  g r e a t e s t  ex ten t ,  

s i n c e  noise  i n  the  r ad io  rece iver  caused by cosmic and t e r r e s t r i a l  sources i s  

less on t h e  decimeter wavelengths than it i s  on meter waves. In addi t ion,  t h e  

t ransmi t t ing  and receiving antennas i n  t h i s  band can have comparatively sharp 

d i r e c t i o n a l i t y  with small dimensions. (Waves set  as ide f o r  s a t e l l i t e  broad- 

cas t ing  would have t o  be excluded from use by ground communications networks 

over t h e  e n t i r e  t e r r i t o r y  covered by t h e  r a d i a t i o n  from t h e  s a t e l l i t e . )  

In t h e  case o f  an adaptable o r  c o l l e c t i v e  system of s a t e l l i t e  broadcast-  

ing,  t h e  wavelength of t h e  t r a n s m i t t e r  aboard the  s a t e l l i t e  can be  se l ec t ed  

anywhere within t h e  l i m i t s  of t h e  bands set  a s ide  f o r  s a t e l l i t e  communications. 
3The frequency d i s t r i b u t i o n  d i f f e r s  somewhat i n  o ther  p a r t s  of t h e  world. 
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It  i s  necessary however t o  observe the  s tandards s e t  up by the  EACR which 

insure  t h a t  the  same wavelength can be used by ground systems f o r  o ther  pur- 

poses.  These s tandards mainly l i m i t  t he  power of t he  s i g n a l  r ad ia t ed  by the 

t r ansmi t t e r  aboard the  s a t e l l i t e  t o  the  e a r t h .  Since t h e  maximum admissible 

power is small, t h i s  s igna l  received from the  s a t e l l i t e  on e a r t h  is  too weak 

f o r  it t o  be ab le  t o  be picked up d i r e c t l y  on conventional r ece ive r s .  

problem can be solved with the a id  o f  attachments which a r e  used i n  conjunc- 

t i o n  with adaptable systems and e spec ia l ly  c o l l e c t i v e  systems. 

Power of Transmitters Aboard S a t e l l i t e s  

This 

~- 

The l imi ted  p o s s i b i l i t i e s  f o r  mounting r ad io  equipment aboard a s a t e l l i t e ,  

t he  imposs ib i l i ty  of s e rv i c ing  i t ,  the  extremely high demands made on r e -  

l i a b i l i t y  and reserves ,  t h e  need t o  p ro tec t  it aga ins t  d i s turb ing  e f f e c t s  of 

r ad ia t ion - -a l l  of t hese  have required spec ia l  t echnica l  so lu t ions  i n  planning 

s a t e l l i t e  communication systems. These f ea tu res  have necess i ta ted  the con- 

s t r u c t i o n  of  p a r t i c u l a r l y  compact, l i g h t  and r e l a t i v e l y  simple apparatus 

aboard satel l i tes ,  using t r ansmi t t e r s  with low power and a s l i g h t l y  d i r ec t ion -  

a1 antenna. The required technica l  ind ices  of t h e  system on the  whole have - /22 
been achieved by making the  equipment a t  t h e  ground s t a t i o n  more complicated. 

The l a t t e r  has been equipped with a high powered t r ansmi t t e r ,  complicated 

supersens i t ive  r ece ive r ,  l a rge  highly d i r e c t i o n a l  antenna with a system of 

p rec i se  t racking  of the  s a t e l l i t e ;  the l a t t e r  is  equipped with powerful e lec-  

t r i c a l  devices f o r  tu rn ing  i t ,  automatic r egu la to r s ,  a programming and comput- 

ing system, e t c .  

mi t t ing  t e l e v i s i o n  broadcast  programs from the  s a t e l l i t e  t o  the  e a r t h .  

so lu t ion  of t h i s  very d i f f i c u l t  problem has required the  e f f o r t s  of l a rge  

s c i e n t i f i c  and i n d u s t r i a l  organizat ions and has incurred considerable mater ia l  

expens e .  

The most s u i t a b l e  wavelengths have been se l ec t ed  f o r  t r ans -  

The 

In view of the  above, one can imagine the  extreme d i f f i c u l t y  of solving 

the  problem of a general ly  ava i lab le  system of  d i r e c t  s a t e l l i t e  broadcasting: 

i n  t h i s  system, it w i l l  be necessary t o  do away with complex ground receiving 

equipment and concentrate  on the  s implest  mass rece ivers ;  it i s  a l so  necessary 

t o  avoid se l ec t ion  of the  optimum (most favorable)  wavelengths and t o  use t h e  
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frequencies employed i n  conventional t e l e v i s i o n  broadcasting. 

solve a problem of t h i s  type it  would be necessary t o  complicate the  equipment 

aboard the  sa te l l i t e  mainly t o  increase  the  d i r e c t i o n a l i t y  of  the s a t e l l i t e  

antenna and increase  the  accuracy of i t s  aiming a t  the  e a r t h ,  as w e l l  as t o  

increase t h e  power of t he  s a t e l l i t e  t r ansmi t t e r  many times.  

In order  t o  

Reports of the International, Advisory .Committee for Radio Communications 

contain designs f o r  severa l  vers ions of s a t e l l i t e  systems used f o r  d i r e c t  

broadcasting. 

a s t a t iona ry  passive s a t e l l i t e  100 m i n  diameter. 
such a s a t e l l i t e  a s igna l  t h a t  could be picked up by home rece ivers  over a 
t e r r i t o r y  equal t o  the  s i z e  of France, a 30,000 kW t r ansmi t t e r  would have t o  
be b u i l t  on e a r t l  and would r equ i r e  a highly d i r ec t iona l  t ransmi t t ing  antenna 

severa l  kilometers i n  diameter.  However, t e l ev i s ion  t r ansmi t t e r s  of such 

power and antennas of such s i z e  a r e  p r a c t i c a l l y  u n r e a l i s t i c .  

t he  opinion expressed e a r l i e r  regarding the  imprac t ica l i ty  of passive s a t e l -  
l i t e s  f o r  t e l ev i s ion  broadcasting systems. 

One o f  them suggests general ly  ava i l ab le  broadcasting through 

In order  t o  receive from 

This supports 

Three vers ions were suggested f o r  a system using an a c t i v e  s a t e l l i t e ,  

employing d i f f e r e n t  wavelengths and ab le  t o  ensure t e l e v i s i o n  broadcasting 

from a s t a t iona ry  o r b i t  t o  approximately 30% of the sur face  of the  e a r t h .  

example, f o r  a broadcast  t h a t  would be general ly  ava i l ab le  on the meter wave 

frequencies most of ten  employed i n  a l l  count r ies ,  an antenna i n  the form of a 

parabol ic  mirror  18 m i n  diameter would have t o  be mounted on the s a t e l l i t e  

and aimed toward the ea r th .  A source of e l e c t r i c a l  energy capable of de l ive r -  

For 

ing a power of more than 40 kW would be required t o  power the  t r ansmi t t e r  - / 2 3  
aboard the s a t e l l i t e ;  t h i s  i s  considerably higher  than the  maximum power cur-  

r e n t l y  ava i lab le .  

ing would requi re  t h e  so lu t ion  of extremely complex technica l  problems as well  
as immense expenditures.  

The construct ion of s a t e l l i t e s  of t h i s  kind and t h e i r  launch- 

Di s t r ibu t ive  and c o l l e c t i v e  systems of s a t e l l i t e  broadcasting a r e  of the  

g rea t e s t  p r a c t i c a l  importance a t  the  present  time. In t h i s  case ,  no spec ia l  
requirements are placed on the power of t he  t r ansmi t t e r  aboard the  s a t e l l i t e  
although it is necessary t o  keep i n  mind t h a t  t he  l a rge r  the  l a t t e r  is made, 
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t h e  simpler and more cheaply t h e  ground s t a t i o n s  o r  c o l l e c t i v e  i n s t a l l a t i o n s  

can be. A considerable  increase i n  power r e l a t i v e  t o  t h e  level a t t a i n e d  i n  

t h e  f i r s t  designs o f  communications sa te l l i t es  i s  d e s i r a b l e  f o r  a broad dev- 

elopment o f  d i s t r i b u t i v e  systems and necessary f o r  bu i ld ing  a c o l l e c t i v e  

system. 

Ground S ta t ions  f o r  S a t e l l i t e  Communications 

In recent  years ,  ground s t a t i o n s  f o r  s a t e l l i t e  communications have been 

b u i l t  i n  many countr ies  and some nat ions (USA, Aus t ra l ia ,  England, West 

Germany, e t c . )  have seve ra l  s t a t i o n s .  

There is  a l a rge  network of  ground s t a t i o n s  i n  t h e  USSR. We have more 

than 25 receiving s t a t i o n s  (Figure 13) i n  t h e  "Orbita" system: Murmansk, 

Arkhangel ' s k ,  Syktyxkar, Vorkuta, Nor i l ' sk ,  Magadan, Petropavlovsk-Kamchatka , 
Komsomol'sk-on-Amur, Bratsk, Ashkhabad, Surgut and o ther  l oca t ions .  In case 

of necess i ty  these  s t a t i o n s  can be converted t o  receiving-transmit t ing s ta-  

t i o n s .  Many more s t a t i o n s  are being added t o  t h i s  network. 

An important p a r t  of t h e  equipment a t  each ground s t a t i o n s  i n  a s a t e l l i t e  

communication network i s  t h e  l a rge  antenna with parabol ic  r e f l e c t o r  (see 

Figures 13 and 14).  I t  i s  automatically aimed p r e c i s e l y  a t  t he  s a t e l l i t e  

with the  a id  of a s i g n a l  from the  r ad io  beacon mounted aboard t h e . s a t e l l i t e .  

The r e f l e c t o r  diameter is  between 1 2  and 30 m and may be even l a r g e r .  In 

order  t o  p r o t e c t  t h e  antenna from t h e  e f f e c t s  of  p r e c i p i t a t i o n  and wind, it 

i s  sometimes housed beneath a t h i n  sphe r i ca l  dome which i s  t ransparent  t o  radio 

transmission (radome). 

The ground s t a t i o n  t r a n s m i t t e r s  have a power from 2 t o  10 kW. 

The rece iver  a t  a ground s t a t i o n  usual ly  c o n s i s t s  o f  two u n i t s .  The 

f irst  is mounted i n  a s p e c i a l  housing d i r e c t l y  on t h e  moveable antenna. This 

i n su res  t h e  minimal length of  t he  waveguide which connects t h e  antenna t o  t h e  /24 

input  of  t h e  r ece ive r ,  thus making it  poss ib le  t o  avoid energy losses  i n  t h e  

weak s igna l  picked up from the  s a t e l l i t e .  

noise  from the  r ece ive r ,  which d i s t u r b s  the  recept ion of  weak s i g n a l s ,  t h e  

- 

In order  t o  reduce the  na tu ra l  
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input  s t age  o f  t h i s  s e c t i o n  usua l ly  c o n s i s t s  o f  a s p e c i a l  low-noise amplif ier  

(molecular or parametric) cooled by l i q u i d  ni t rogen or l i q u i d  helium. 

Figure 13. 

After  preliminary amplif icat ion and frequency transformation, t h e  s igna l  

passes from t h e  f irst  u n i t  through a cable  t o  t h e  second and f i n a l  rece iver  

u n i t  mounted i n  a f ixed  loca t ion  i n  the  s t a t i o n .  

Design of  Communication S a t e l l i t e s  -- 

The design of s a t e l l i t e s ,  methods of  launching and c o n t r o l l i n g  them, e t c .  

i s  a complicated f i e l d  of technology which cannot be discussed i n  d e t a i l  with- 

i n  t h e  scope of  t h i s  booklet .  

problems involved i n  t h e  operat ion o f  a s a t e l l i t e  i n  t h e  communications system 

which has been suggested. 

We w i l l  l i m i t  ourselves  t o  only a few of  t h e  

25 
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Figure 14 .  

As we have already pointed out ,  the p r inc ipa l  d i f f i c u l t y  i n  es tab l i sh ing  

d i r e c t  s a t e l l i t e  broadcasting i s  the  need t o  have a s u f f i c i e n t l y  powerful 

t r ansmi t t e r  aboard the  s a t e l l i t e  t o  generate a powerful s igna l  i n  the  antennas 

of  the ground r ece ive r s .  

t h e  two p r inc ipa l  p o s s i b i l i t i e s  f o r  operat ion of the  s a t e l l i t e :  

- / 2 6  
From t h i s  s tandpoint ,  it i s  i n t e r e s t i n g  t o  compare 

1)  
d i r ec t ions .  

only a small po r t ion  of  the rad ia ted  energy reaches the  ea r th .  

r ad io  waves w i l l  reach the  ea r th  a t  any pos i t i on  of t he  s a t e l l i t e ,  even i f  the  

l a t t e r  i s  'Yumbling"; t h e  l a t t e r  i s  unavoidable i f  t h e  s a t e l l i t e  has no special  

devices f o r  r egu la t ing  i t s  pos i t i on .  

Radiation of  rad io  waves from the  s a t e l l i t e  takes  p lace  i n  a l l  
The disadvantage of t h i s  va r i e ty  f o r  broadcasting i s  obvious : 

However, the 

2) The r ad ia t ion  of rad io  waves i s  d i rec ted  i n  only one d i r ec t ion ,  

toward the ear th .  The advantage of  t h i s .  case cons i s t s  i n  the  increase i n  t h e  
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energy of the  s igna l  t o  the  e a r t h  without increasing the  power of the  t r a n s -  

m i t t e r  aboard the  s a t e l l i t e .  For example, the  ea r th  i s  v i s i b l e  from a sta- 
t ionary  o r b i t  a t  an angle of  approximately 2 0 ° .  

t i o n  i n  t h i s  angle would be equivalent t o  increasing the  power of the  

t r ansmi t t e r  300 times i n  comparison t o  t h e  previous case.  

r ec t iona l  diagram f o r  t h e  antenna, insuring a concentrat ion of the  r ad ia t ion  

i n  more populated areas, the  equivalent increase i.n power would be s t i l l  

g rea t e r .  

Concentration of a l l  r ad ia -  

With a sharper  d i -  

It is d i f f i c u l t  t o  mount a very powerful t r ansmi t t e r  aboard t h e  sa te l l i t e  

f o r  t he  following reasons4: 

--the l a rge  s i z e  and weight (very la rge  and heavy s a t e l l i t e  would be 

required,  whose launching would be very d i f f i c u l t  and expensive);  

--powerful sources of  e l e c t r i c a l  energy would be requi red ,  such as very 

la rge  s o l a r  b a t t e r i e s ,  which would a l so  increase the  s i z e  and weight of the  

s a t  e l  lit e ; 
--the operat ion of a powerful t ransmi t te r  i s  accompanied by considerable 

l i b e r a t i o n  of hea t ,  which must be removed and d iss ipa ted  i n t o  surrounding 

space. 

s i z e  and weight, so  t h a t  t he  second of these s a t e l l i t e  types i s  preferab le .  

In t h i s  case,  however, t he  antenna must always "look" a t  t he  e a r t h ,  which r e -  

qu i res  regula t ion  of  i t s  pos i t i on  o r  the  mounting of t he  e n t i r e  s a t e l l i t e  with 

the  antenna at tached.  

This a l s o  leads t o  a complication of the design and an increase  i n  the  

The control  of  the  pos i t i on  of an objec t  located on ea r th  does not pose 

p a r t i c u l a r  d i f f i c u l t i e s :  "holding on t o  the  earth",  an objec t  can tu rn  i n  
any d i r ec t ion .  

Control l ing the pos i t i on  of an objec t  i n  space i s  much more d i f f i c u l t :  there  
a r e  no supports t o  "hold on to", which would. allow t h e  satel l i te  t o  t u r n  or 
a r r e s t  i t s  motion. 

There is  no shortage of e l e c t r i c a l  energy t o  power i t s  motors. /27 

41n view of  the  l imi t a t ions  imposed by the  EACR, increas ing  t h e  power would 

f irst  of  a l l  r equ i r e  a corresponding in t e rna t iona l  agreement. 
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The p r inc ipa l  means of  a f f e c t i n g  the  s p a t i a l  pos i t i on  of  a spacecraf t  o r  

s a t e l l i t e  were pointed out by K .  E. Tsiolkovskiy. One of these  i s  t h e  use of 

small rocket  motors, opera t ing  f o r  example from tanks of compressed gas.  

Another method i s  the  spinning or  braking of  massive flywheels mounted aboard 

the  s a t e l l i t e :  the  mechanical ac t ion  on the  flywheel causes an opposi te  e f f e c t  

on the  s a t e l l i t e .  In t h i s  case,  e l e c t r i c  motors can be used. 

Three independent problems can be mentioned i n  conjunction with cont ro l -  

l i n g  a communications s a t e l l i t e :  

1) maintenance of t h e  des i red  o r b i t .  The inf luence of the  magnetic and 

g r a v i t a t i o n a l  f i e l d s  of t he  ea r th ,  s o l a r  r ad ia t ion  and o ther  causes produce a 

gradual change i n  the  o r b i t .  

a r e  switched on from time t o  time. The f ac to r s  causing devia t ion  a re  weak i n  

the  case of  a f l i g h t  fa r  beyond the  l i m i t s  of the  dense layers  of the  a t -  

mosphere, so  t h a t  frequent cor rec t ions  a re  not required.  A c i r c u l a r  equa- 

t o r i a l  o r b i t  i s  the  most s t a b l e ;  

To compensate f o r  them, cor rec t ing  j e t  motors 

2) s t a b i l i z a t i o n  of t he  s a t e l l i t e ,  i . e . ,  ensuring r e l a t i v e  s t a b i l i t y  of 

i t s  pos i t i on  r e l a t i v e  t o  the  e a r t h ,  stopping vftumblinglf;  

3) or i en ta t ion  of  the s a t e l l i t e  and antenna, i . e . ,  ensuring i t s  f ixed 

pos i t i on  r e l a t i v e  t o  the  ea r th  a t  a po in t  where the  r ad ia t ion  from the antenna 

is  d i rec ted  i n  the  required geographical a rea .  

Figure 15 shows an e l l i p t i c a l  and a c i r c u l a r  o r b i t .  In a s t a t iona ry  

c i r c u l a r  o r b i t  s a t e l l i t e  C i s  f ixed  r e l a t i v e  t o  the t e r r i t o r y  it serves  A; 

t h i s  s impl i f i e s  the problem of o r i en ta t ion .  
1 

In order  f o r  the  antenna of satel-  

l i t e  C2, i n  an e l l i p t i c a l  o r b i t ,  t o  be d i rec ted  toward t e r r i t o r y  A, continuous 

operat ion of the o r i en ta t ion  system i s  required.  
- /28 

As i n  any navigat ional  system a s a t e l l i t e  o r i en ta t ion  system requi res  

devices which determine d i r ec t ions  i n  space. On sh ips ,  instruments of t h i s  

kind include magnetic and gyroscopic compasses, rad io  compasses, s ex tan t s ,  

e t c .  

c a l l y  impossible, s ince  the  magnetic f i e l d  of  t h e  ea r th  i s  too weak a t  grea t  

he ights .  Instruments which use v i sua l  o r i en ta t ion ,  e spec ia l ly  r e l a t i v e  t o  t h e  

The use of a magnetic compass on a s a t e l l i t e  with a high o r b i t  i s  p r a c t i -  
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sun and e a r t h ,  a r e  more convenient and r e l i a b l e .  The des i red  d i r ec t ions  a r e  

determined by p r e c i s e  gyroscopic instruments connected t.o the automatic 

o r i e n t a t i o n  system. Modern instrument technology provides adequate means for  
solving problems of  t h i s  kind. 

The f irst  Soviet  communi cat ions 

s a t e l l i t e  was placed i n  a high e l -  

l i p t  i cal o r b i t  ("Mo lniya-  l", Figures 

16 and 17);  it was launched on April  

23, 1965. After correct ion o f  t h e  

o r b i t ,  t h e  height  of t h e  s a t e l l i t e  a t  

apogee was approximately 40,000 km, 

and i t s  per iod of revolut ion was 1 2  

hours,  i . e . ,  t h e  s a t e l l i t e  made two 

revolut ions around t h e  e a r t h  every 24 

hours.  The s a t e l l i t e  passed over t h e  

t e r r i t o r y  o f  t he  USSR i n  one t h e s e  

revolut ions and over North America on 

t h e  o the r .  A j e t  motor was mounted 

Figure 15. 

aboard the s a t e l l i t e  f o r  cor rec t ing  t h e  o r b i t .  Many other  sa te l l i t es  of  t h i s  

type have been launched i n  subsequent years ;  they have proved themselves com- 

p l e t e l y  and now provide regular  transmission of t e l e v i s i o n  programs. 
~ /29 

The "Molniya-1" s a t e l l i t e  has a cy l ind r i ca l  body with conical ends (see 
Figure 16).  Six panels with s o l a r  b a t t e r i e s  a r e  mounted on t h e  outs ide of t h e  

body. 

a r a t e s  from the  rocket .  Two parabol ic  antennas a r e  mounted on hinged arms 

at tached t o  the  body, and are a l s o  folded p r i o r  t o  separat ion of t h e  s a t e l l i t e  

l i k e  the  s o l a r  b a t t e r i e s .  The s a t e l l i t e  is  or ien ted  toward t h e  sun i n  f l i g h t  

i n  order  t o  obtain t h e  maximum energy from the  s o l a r  b a t t e r i e s .  
is  aimed by a t racking mechanism toward t h e  e a r t h  while t he  o the r  i s  a standby. 

The power of  t h e  r a d i o  t r a n s m i t t e r  located aboard t h e  s a t e l l i t e  i s  40 watts. 

These unfold l i k e  t h e  p e t a l s  of a g i an t  daisy af ter  t h e  s a t e l l i t e  sep- 

One antenna 
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E. 
Figure 16.  

Figure 17. 

The successfu l  launching 

of  an experimental vers ion of 
a s t a t i o n a r y  communications 

s a t e l l i t e  was first accomplish- 

ed by the  United S t a t e s  i n  

1963. Several  similar satel-  
l i t e s  have been launched s ince  

then ,  providing regular  t r a n s -  

oceanic communication. The 

procedure f o r  launching them 

is comparatively complex. I t  

cons i s t s  of th ree  s t ages .  

Several  minutes a f t e r  launching, 

which takes  p lace  a t  poin t  A 

- /30 

(Figure 18 ) ,  separat ion of  the 

second rocket  s t age  takes  place a t  

poin t  1 and cor rec t ion  of the  

s p a t i a l  pos i t i on  of the system i s  

performed on command from ea r th  

p r i o r  t o  i g n i t i o n  of  the  t h i r d  

s tage .  

proximately h a l f  an hour following 

launch (on passage through the  

plane of  the  equator) ,  the  t h i r d  

rocket  s t age  i s  ign i t ed ,  p lac ing  

the  s a t e l l i t e  i n  t r a n s i t i o n a l  e l -  

l i p t i c a l  o r b i t  2-2 (see Figure 18) ,  

whose plane i s  inc l ined  t o  the  

plane of t h e  equator.  

In the  second phase, ap- 

Turning on 

the  j e t  motor i n  t h e  system f o r  o r b i t a l  cor rec t ion  then matches it with the  

equator ia l  p lane ,  

t h r u s t  of t he  engine changes the  o r b i t  i n  t h e  required d i r ec t ion .  

f i n a l  phase, t he  "apogeet1 j e t  engine i s  cu t  i n  and places '  t he  s a t e l l i t e  i n  a 

The a x i s  of the  s a t e l l i t e  i s  first or ien ted  so t h a t  t he  

In the 
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c i r c u l a r  equator ia l  o r b i t  3-3. Then the  cont ro l  system aboard the s a t e l l i t e  

keeps it i n  t h e  required s t a t iona ry  pos i t i on .  

Figure 19 shows an ex terna l  

3 view of one of t h e  first s t a t i o n -  
a ry  s a t e l l i t e s ,  t he  American 

'Ea r ly  Bird" s a t e l l i t e .  I t  has /31 
a cy l ind r i ca l  sur face  covered with 

s o l a r  b a t t e r i e s .  A s a t e l l i t e  of 

t h i s  type can e i t h e r  t ransmit  240 

telephone conversations,  simul- 

taneously t ransmit  two t e l e v i s i o n  

programs, o r  car ry  one t e l ev i s ion  
Figure 18. 

program and about 100 telephone conversations.  

An important f ea tu re  of t h i s  s a t e l l i t e  

and the o ther  s t a t iona ry  s a t e l l i t e s  launched 

thus f a r  i s  the use of s t a b i l i z a t i o n  by rota- 

t i o n .  When it i s  i n  i t s  normal pos i t i on  i n  

o r b i t ,  the  ax is  of  the  s a t e l l i t e  i s  p a r a l l e l  

t o  t he  e a r t h ' s  ax i s .  The s a t e l l i t e  is set 
t o  r o t a t i n g  around i t s  ax is  by means of a 
small j e t  motor. As a r e s u l t ,  due t o  the  

gyroscopic e f f e c t ,  the  a x i s  of the  s a t e l l i t e  

keeps i t s  pos i t i on  f ixed  i n  space ( l i k e  the  

ax is  of a gyroscope). One p o s i t i v e  aspect 

, . -_.. of such a method of s t a b i l i z a t i o n  i s  t h a t  the 
r o l e  of  t he  gyroscope is played by the  s a t e l -  

Figure 19. l i t e  i t se l f  with a l l  t h e  equipment located 

aboard it. However, i f  spec ia l  gyroscopes 

were provided f o r  t h i s  purpose and were mounted i n  the  s a t e l l i t e ,  t he  equip- 
ment required f o r  them would take  up considerable por t ion  of  t h e  volume and 

weight of the  s a t e l l i t e .  
l i t e  i s  r o t a t i n g  i n  space,  t he re  is  no f r i c t i o n ,  i . e . ,  t he  r o t a t i o n  and the re -  

f o r e  the  s t a b i l i z a t i o n  are maintained without addi t iona l  energy expenditure.  

Another important f ea tu re  is  t h a t  s ince  the  s a t e l -  

I 
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If the  ax is  of r o t a t i o n  of the  s a t e l l i t e  devia tes  from t h a t  i n i t i a l l y  set 

under t h e  inf luence of  some f a c t o r  or o the r ,  the co r rec t  p o s i t i o n  i s  r e s to red  

by a cor rec t ion  system or ien ted  t o  the  sun or e a r t h .  The a c t i v e  u n i t  i n  t h e  

cor rec t ion  system i s  a small j e t  motor which provides a t i l t i n g  force  i n  any 

d i r e c t i o n  t o  the  ax is  of r o t a t i o n  of  the  s a t e l l i t e .  If the  force  i s  appl ied 

f o r  example i n  the  plane YOZ (Figure 20), i . e . ,  d i r ec t ed  around ax is  X ,  t h e  
d i r ec t ion  of the  ax is  of r o t a t i o n  of  the  s a t e l l i t e  w i l l  t u r n  i n  the  perpen- /32 
d i c u l a r  plane around the  ax is  Z .  

ceased, the  ax is  of the  s a t e l l i t e  w i l l  cease t o  tu rn  and it  w i l l  r e t a i n  i t s  
new pos i t i on  i n  a s t a b l e  manner. 

As soon as the  ac t ion  o f  the  force  has 

Motion 

Axis 
I 

Figure 20.  

In addi t ion  t o  the  considerable 

advantages of  s t a b i l i z a t i o n  of  a s t a t i o -  

nary s a t e l l i t e  by means of  i t s  r o t a t i o n ,  

the  use of  t h i s  method e n t a i l s  complica- 

t i ons  i n  t h e  o r i en ta t ion  o f  t he  antenna. 

When the  s a t e l l i t e  r o t a t e s ,  the antenna 

mounted on it r o t a t e s  along with it and 

the re fo re ,  ( i f  no spec ia l  measures a re  

provided) i t  cannot "look" cont inual ly  

i n  a required d i r e c t i o n ,  i . e . ,  a t  the  

e a r t h .  

The problem of  o r i en ta t ion  of the  

antenna was solved only p a r t i a l l y  i n  t h e  

f i rs t  s t a t i o n a r y  s a t e l l i t e s .  An antenna 

was used which rad ia ted  rad io  waves i n  a 

plane perpendicular  t o  the ax is  of r o t a t i o n  of t he  s a t e l l i t e  i n  a l l  d i r ec t ions  

(Figure 21),  but  the r ad ia t ion  was concentrated i n  the  angle c1 i n  the  longi- 

tud ina l  plane.  

ment, but the flow of r ad ia t ion  t o  ea r th  i s  much more in t ense  than would be 

the  case i f  the  r ad ia t ion  were i s o t r o p i c ,  i . e . ,  the  same i n  a l l  d i r ec t ions .  

O f  course,  a grea t  deal of power i s  a l s o  l o s t  i n  t h i s  arrange- 

The design of s t a t iona ry  s a t e l l i t e s  c a l l s  f o r  making sure  t h a t  t he  r ad ia -  

t i o n  o f  the rad io  waves w i l l  occur only i n  the  d i r e c t i o n  of the ea r th .  It i s  
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obvious t h a t  t h i s  cannot be assured i f  t h e  antenna aboard the  s a t e l l i t e  r ad i -  

a t e s  i n  a d i r ec t ion  which i s  f ixed  r e l a t i v e  t o  the  s a t e l l i t e ,  s ince  i n  t h i s  

case t h e  antenna would r o t a t e  along with the  s a t e l l i t e  and the  d i r ec t ion  of 

r ad ia t ion  would change accordingly.  When t h e  s a t e l l i t e  is s t a b i l i z e d  by 

r o t a t i o n ,  t he re  i s  one way t o  so lve  t h i s  problem: with the  s a t e l l i t e  r o t a t i n g  

a t  any angle,  t he  d i r e c t i o n  of r ad ia t ion  must r o t a t e  t o  the  same angle but i n  

the  opposi te  d i r ec t ion  so  t h a t  it r e t a i n s  i t s  o r i en ta t ion  with respect  t o  the  

ea r th .  This problem was p a r t i a l l y  solved by e l e c t r o n i c  means (without 

mechanical r o t a t i o n  of t he  antenna) i n  the  ATS-1 s a t e l l i t e  (Figure 22)  with a 

40 watt  t r ansmi t t e r ,  which was launched by the  United S ta t e s  i n  December 1966. /33 

The antenna cons is t s  of 16 rods forming a cy l inder .  A spec ia l  device (phase 
s h i f t e r )  var ied the phase of  the  o s c i l l a t i o n  fed t o  the rods i n  a c e r t a i n  

order .  

can be aimed i n  t h e  required d i r ec t ion .  

measures the  r o t a t i o n a l  parameters of  the  s a t e l l i t e  r e l a t i v e  t o  the e a r t h  and 

cont ro ls  t h e  antenna by an e l ec t ron ic  phase s h i f t e r  so t h a t  t he  reverse  r o t a -  

t i o n  of  r ad ia t ion  exac t ly  matches the  r o t a t i o n  o f  t he  s a t e l l i t e  i n  the  oppo- 
s i t e  d i r ec t ion .  

- 

A s  a r e s u l t  the d i r ec t ion  of the  rad io  wave r ad ia t ion  w i l l  change and 

The s a t e l l i t e  has a device which 

Figure 21.  

In view of the d i f -  

f i c u l t y  of designing a 

sat  e l  lit e-mounted antenna 

with sharp d i r e c t i o n a l i t y  

on the  p r i n c i p l e  descr ibed,  
designs using a mechanical 

revers  e - ro t  at  ing ant enna 

have been developed. The 

idea  of such a system i s  

explained i n  Figure 23: the  

antenna and s a t e l l i t e  r o t a t e  

as shown by the arrows i n  the  f i g u r e .  When they are  r o t a t i n g  a t  the same 

speed, the antenna (and consequently the  d i r ec t ion  of r ad ia t ion )  ac tua l ly  r e -  

main f ixed i n  space. 

r o t a t i o n  of the  antenna a r e  l imi ted .  In order  t o  obtain a high degree of 

/34 
The p o t e n t i a l  p o s s i b i l i t i e s  o f  systems with mechanical 
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d i r e c t i o n a l i t y  of t he  r ad ia t ion ,  t he  antenna dimensions must be la rge  and 

the re fo re  t h e i r  mass w i l l  a l s o  be g rea t .  

Figure 2 2 .  

come f r i c t i o n  i n  the bear ings of the 

- Radiatic 
I .  

Figure 23.  

Since a la rge  por t ion  of the  mass 

o f  the system does not ac tua l ly  p a r t i -  

c i p a t e  i n  the  r o t a t i o n  i n  the  case of  

a la rge  antenna, t h i s  would reduce the  

e f fec t iveness  of the  s t a b i l i z a t i o n .  In 

addi t ion ,  systems of t h i s  type requi re  

continuous expenditure o f  energy t o  over- 

ro t a t ing  p a r t s .  Therefore the  designers 

of communications s a t e l l i t e s  study o ther  p o s s i b i l i t i e s  of s t a b i l i z a t i o n  which 

a r e  made poss ib le  by using l a rge  antennas. 

a t t r a c t e d  by s t a b i l i z a t i o n  systems based on the  use of changes i n  the  s t rength  

of  t'he g rav i t a t iona l  f i e l d  as a funct ion of  d i s tance  from ea r th ,  which under 

ce r t a in  conditions w i l l  lead t o  t h e  appearance of  mechanical moments t h a t  keep 

the  ax is  of the s a t e l l i t e  d i r ec t ed  toward the  ea r th  (Figure 24) .  This e f f e c t  

i n  p a r t i c u l a r  i s  responsible  fo r  the  f a c t  t h a t  the moon always keeps one s i d e  

turned toward the  ea r th ,  i . e . ,  i n  revolving around the  e a r t h  it simultaneously 

r o t a t e s  around i t s  own ax i s  through 360' .  

c i p l e  could be used t o  make a la rge  s t a t iona ry  s a t e l l i t e  with a la rge  antenna. 

Considerable i n t e r e s t  has been 

I t  is  conceivable t h a t  t h i s  p r in -  

The considerat ions given above r e l a t e  t o  t ransmi t t ing  antennas located 

The requirements f o r  a receiving antenna on a s a t e l l i t e  
/35 

aboard s a t e l l i t e s ,  
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are less s t r i n g e n t  s ince  t h e  ground t ransmi t t ing  s t a t i o n  can have a t r a n s -  

mit ter  with g r e a t e r  power and a highly d i r e c t i o n a l  antenna, i . e . ,  it can pro- 

j ec t  a s igna l  t o  t h e  loca t ion  of t h e  s a t e l l i t e  which can be picked up by a 

small simple antenna. 

Antenna 

Figure 24.  

I t  should be pointed out t h a t  the dimensions and weight of  a s a t e l l i t e  

of t he  "E4olniya-1" type on an e l l i p t i c a l  o r b i t  with a height  a t  apogee equal 

t o  the  radius  of  t he  o r b i t  of  a s t a t i o n a r y  s a t e l l i t e  and consequently t h e  

power of t he  r ad io  equipment on board can be s i g n i f i c a n t l y  greater than i n  the  

case of a s a t e l l i t e  i n  a s t a t i o n a r y  o r b i t  f o r  t he  following reasons.  From t h e  

descr ip t ion  given above of t he  process of  i n s e r t i o n  of a s a t e l l i t e  i n t o  a 

s t a t i o n a r y  o r b i t ,  i t  i s  c l e a r  t h a t  t h e  t r a n s i t i o n  from the e l l i p t i c a l  o r b i t  

t o  t h e  c i r c u l a r  one r equ i r e s  consumption of energy by a r a t h e r  powerful j e t  

motor with a required f u e l  reserve.  If t h e  t r a n s i t i o n  t o  the c i r c u l a r  equa- 

t o r i a l  o r b i t  is  omitted, t h e  weight and volume of t h i s  motor and i t s  f u e l  

supply can be replaced by add i t iona l  or more powerful r ad io  equipment. 

d i f fe rence  i n  t h e  payload of  s a t e l l i t e s  launched i n t o  the  same height  reaches 

a f a c t o r  of 2 t o  3 .  

The 

Sources of  E l e c t r i c a l  Energy Aboard S a t e l l i t e s  - _ _ _ ~  

In solving the  energy problems r e l a t e d  t o  t h e  design of  s a t e l l i t e s  f o r  

long term se rv ice ,  two approaches are poss ib l e :  

- - s to r ing  aboard t h e  s a t e l l i t e  t h e  supply of  mater ia l  which can be con- 

sumed gradual ly  t o  produce e lectr ical  energy; 
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--use o f  t h e  f l u x  o f  s o l a r  energy by means of  conver te rs  located aboard 

t h e  s a t e l l i t e .  

The second approach i s  more advantageous i n  p r i n c i p l e ,  s i n c e  the  supply 

of material t h a t  can be s to red  aboard the  s a t e l l i t e  i s  f i n i t e  while t h e  amount 

of s o l a r  energy i s  p r a c t i c a l l y  i n f i n i t e .  

not  lose  i t s  p rope r t i e s  i n  t h e  course of operat ion can insure  a long se rv ice  

l i f e  f o r  the system. I t  i s  poss ib le  t h a t  under ac tua l  conditions the  optimum 

so lu t ion  depends on the  r e s u l t s  of development of  both methods of obtaining 

energy achieved by the  time o f  t h e i r  comparison. 

c i t y  a r e  s u i t a b l e  f o r  low powers and comparatively sho r t  operat ing t imes.  

Nuclear sources ,  however, have a much g r e a t e r  s e r v i c e  l i f e  i n  comparison with 

chemical ones. 

Therefore,  a converter  which 'does 

Chemical sources of e l e c t r i -  

In the  majori ty  of s a t e l l i t e s  and spacecraf t  which have been launched t o  

da t e ,  s o l a r  b a t t e r i e s  have been used as a source o f  e l e c t r i c i t y .  The f l u x  of 
2 s o l a r  energy beyond the  l i m i t s  o f  t he  e a r t h ' s  atmosphere i s  about 1 . 4  kW/m . 

t he  maximum e f f i c i ency  of s i l i c o n  s o l a r  b a t t e r i e s  i s  about 20% (a t  p resent ,  

s o l a r  b a t t e r i e s  with an e f f i c i ency  of 12-14% are being used) .  

systems a r e  used t o  o r i e n t  automatical ly  the  sur faces  of t he  b a t t e r i e s  wi'th 

respect  t o  the sun as i s  done on the trMolniya-l'' s a t e l l i t e ,  t h e i r  s p e c i f i c  
2 area  per  un i t  power can reach approximately 10 m /kW. 

the  s a t e l l i t e  w i l l  be shaded, cont inui ty  of the  energy supply i s  insured by 

combining the s o l a r  b a t t e r i e s  with a s torage  b a t t e r y .  

s o l a r  b a t t e r i e s  i s  the f a c t  t h a t  they a r e  damaged by the ac t ion  of cosmic rad- 

i a t i o n  of s o l a r  o r  o the r  o r i g i n .  

sapphire  are used t o  p ro tec t  t he  s o l a r  elements. 

creased r e s i s t ance  t o  r ad ia t ion  have been developed r ecen t ly .  

the  weight of the screens can be reduced considerably.  Considerable i n t e r e s t  

has a l so  been aroused by th in- f i lm photobat te r ies ,  f o r  example, those made of 

cadmium t e l l u r i d e  or,cadmium s u l f i d e ,  which have good r e s i s t ance  t o  r ad ia t ion .  

- / 3 6  

When t racking  

If it i s  poss ib le  t h a t  

One disadvantage of 

Transparent screens made of quartz  or 
Elements which have an in -  

In t h i s  case ,  

In order  t o  produce s i g n i f i c a n t  power, a s o l a r  b a t t e r y  must have a la rge  

a rea ;  t h i s  complicates t he  design and launching of the s a t e l l i t e .  Powerful 

nuclear  energy sources a r e  more compact; they include isotope b a t t e r i e s  and 
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devices employing r eac to r s .  

need t o  sh i e ld  t h e  e l e c t r o n i c  equipment aboard the  s a t e l l i t e  from the  d i s tu rb -  

ing e f f e c t  of the  r ad ia t ion  produced by the b u i l t - i n  energy source.  According 

t o  fore ign  da ta ,  the weight c h a r a c t e r i s t i c  of nuclear  energy sources i s  approx- 

imately 1 watt/kg, t ak ing  i n t o  considerat ion the  means f o r  sh ie ld ing  aga ins t  

r ad ia t ion .  Studies  and designs i n  t h i s  f i e l d  a r e  s t i l l  f a r  from complete and 

we can expect i n  the  fu tu re  a considerable improvsment i n  t h e  e f fec t iveness  

of t h e  e l e c t r i c a l  power sources i n s t a l l e d  aboard s a t e l l i t e s .  

The advantages of atomic i n s t a l l a t i o n s  i s  the 

P o s s i b i l i t i e s  of  Launching S a t e l l i t e s  - f o r  Television Broadcasting 

It follows from t h e  above t h a t  one of t he  p r inc ipa l  problems i n  d i r e c t  

s a t e l l i t e  broadcasting i s  the  launching of the  heavy s a t e l l i t e  with a suf -  

f i c i e n t l y  powerful rad io  t r ansmi t t e r ,  e f f e c t i v e  antenna and energy source with 

s u f f i c i e n t  power. Exis t ing s a t e l l i t e  communications systems, whose b u i l t - i n  

t r ansmi t t e r s  have powers on the  order  o f  tens  of wat t s ,  only allow the  i n s t a l -  

l a t i o n  of a r e l ay  system f o r  t e l e v i s i o n  broadcasting with complex and expen- 

s i v e  ground receiving s t a t i o n s .  

system of s a t e l l i t e  t e l e v i s i o n  broadcast ing,  the  power of  the  t r ansmi t t e r  must 

be increased by thousands of t imes; t h i s  would requi re  a s a t e l l i t e  weighing 

tens  of tons .  

- /37 

In order  t o  r e a l i z e  a genera l ly  ava i l ab le  

Depending on the increase i n  the  s a t e l l i t e  payload which is  achieved when 

the  l a t t e r  has been placed i n  i t s  se l ec t ed  o r b i t ,  the  problem of the p r a c t i -  

c a l i t y  of a given intermediate system can be solved, e spec ia l ly  i n  the  case of 

t he  most p r a c t i c a l  type,  the  c o l l e c t i v e  and d i s t r i b u t i v e ,  with s impl i f i ca t ion  

of the ground equipment. The weight of the  t tProtontt  research s a t e l l i t e s ,  

launched i n t o  an o r b i t  with an apogee measuring hundreds of km, approaches 

two-tenths of a ton .  

o r b i t s .  In p a r t i c u l a r ,  t he  comparatively la rge  American s t a t i o n a r y  communi- 

ca t ion  s a t e l l i t e  ATS-1 mentioned e a r l i e r  has a weight of approximately 360 kg. 

Spacecraft  weighing l e s s  have been launched i n t o  higher  

The l a t e s t  achievements of spacecraf t  technology w i l l  undoubtedly make it  

poss ib le  t o  launch heavy s a t e l l i t e s  i n t o  a s t a t iona ry  o r b i t .  The weight of a 
s a t e l l i t e  i n  an e l l i p t i c a l  o r b i t  of  the  type used by the Soviet  ttMolniya-ltt 

s a t e l l i t e s  would be correspondingly g rea t e r .  
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The F i r s t  S a t e l l i t e  Televis ion System i n  t h e  World _ _ _ _ _ - ~  -~ 
A t  t h e  present  time, more than 25 ground s t a t i o n s  i n  t h e  "Orbita" system 

are operat ing i n  t h e  Soviet  Union. 

received from a s a t e l l i t e  t o  a loca l  t e l e v i s i o n  broadcasting cen te r ,  which 

sends them out over t h e  region which it se rves .  On t h e  average, each "Orbita" 

ground s t a t i o n  allows the  programs from t h e  c e n t r a l  t e l e v i s i o n  s tud ios  t o  be 

received over a t e r r i t o r y  with a population on t h e  order o f  a mi l l ion  people;  

more than 25 mi l l ion  c i t i z e n s  of our country have been enabled t o  see  and 

hear  t e l e v i s i o n  programs t ransmit ted from Moscow. 

Square during t h e  hol iday parades and demonstrations; they hear  important 

p o l i t i c a l  and c u l t u r a l  r e p o r t s  d i r e c t l y .  

Provinces", "the periphery", e t c .  as well ,as a sense of  remoteness from t h e  

center  of  l i f e  i n  our country i s  disappearing. I t  i s  t r u e ,  however, t h a t  a l l  

t h e  s t a t i o n s  i n  t h e  "Orbita" system a r e  a c t u a l l y  very f a r  from Moscow. Tele- 

v i s ion  broadcasts from Moscow a re  picked up i n  the  c i t i e s  and small v i l l a g e s ,  

many of which u n t i l  now were l inked t o  t h e  center  only by telephone, te legraph 

o r  r ad io ;  they a r e  picked up a t  places  which a r e  separated from the c e n t r a l  

regions by many hundreds of kilometers o f  d e s e r t ,  mountains, taiga*and tundra,  

and which have s t i l l  not been reached by r a i l r o a d s  o r  highways. 

Each of them transmits  t e l e v i s i o n  programs 

They a r e  present  i n  Red 

As a r e s u l t ,  t h e  idea of "the 

Twenty-five mi l l ion  c i t i z e n s !  And t h i s  number i s  growing, s o  t h a t  t he  

"Orbita" system w i l l  continue t o  expand. 

It would be poss ib le  t o  accomplish t h i s  without using a s a t e l l i t e ,  by 

means o f  radio r e l a y  and cable  l i n e s ,  but  t h i s  would requi re  t h e  construct ion 

o f  no less than 50,000 km of  such l i n e  and thousands of intermediate receiving- 

-amplifying p o i n t s .  This would r equ i r e  an enormous expenditure of resources 

and, what i s  most important,  would requi re  a long per iod o f  time. Thanks t o  

t h e  s a t e l l i t e s ,  t h e  problem was solved very rap id ly  and has considerable pos- 

s i b i l i t i e s  f o r  f u r t h e r  equally rapid development of  t h e  d i s t r i b u t i o n  network. 

The programs of  t h e  Central  Television Studios can be picked up a t  any poin t  

served by a "Orbita" s t a t i o n .  

Having t h e  exclusive a b i l i t y  t o  "step over" any obs t ac l e s ,  over mountain 

ranges and oceans, s a t e l l i t e  communication systems w i l l  open up t h e  broadest 
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p o s s i b i l i t i e s  f o r  construct ing i n t e r n a t i o n a l  t e l e v i s i o n  broadcasting on a 

global s c a l e ,  i . e . ,  broadcasts t h a t  would take i n  a l l  p a r t s  of  t h e  world. 

In August 1968 a t  Vienna, a United Nations Conference on t h e  Investigation 
and Use of Space f o r  Peaceful Purposes was held.  

organizat ion of  an i n t e r n a t i o n a l  communications system using s a t e l l i t e s  was 

presented a t  t h i s  conference; it was presented t o  t h e  United Nations by 

Bulgaria, Hungary, Cuba, Mongolia, Poland, Romania, t h e  USSR and Czechoslo- 

vakia.  I t  a n t i c i p a t e s  cooperation of t hese  countr ies  and coordination o f  their 

work i n  bui lding and using an i n t e r n a t i o n a l  system which would be ava i lab le  t o  

any country t o  j o i n  which wanted t o  do s o  and would accept t h e  organizat ional  
p r i n c i p l e s .  An important f e a t u r e  of  t h e  p l a n ' s  system i s  i t s  extremely 

democratic na tu re ,  being of  equal importance f o r  every p a r t i c i p a t i n g  nat ion 

regardless  o f  whether it i s  l a rge  o r  small ,  whether i t s  mater ia l  contr ibut ion 

t o  t h e  construct ion of the system i s  considerable o r  s l i g h t .  To d i r e c t  t he  

operat ion of t he  system, a council  has been formed which includes one repre-  

s e n t a t i v e  of each member na t ion  of t h e  organizat ion.  Each country has one vote 

i n  t h e  counci l .  

A p lan  f o r  agreeing on t h e  

/ 

The i n t e r n a t i o n a l  s a t e l l i t e  communication system based on equal demo- 

c r a t i c  p r i n c i p l e s ,  i s  the  f i rs t  of i t s  kind. A t  t h e  present  time, countr ies  
which a r e  i n t e r e s t e d  i n  gaining access t o  communications s a t e l l i t e s  must be- 

come members o f  t he  commercial consortium " In te l sa t " ,  whose regulat ions s t a t e  

t h a t  more than 50% of the shares  belong t o  the  United S t a t e s .  

t h e  United S ta t e s  has a monopolistic r i g h t  t o  decide a l l  important questions 

i n  t h i s  organizat ion.  The control  of t he  consortium is a c t u a l l y  i n  the  hands /39 

of t h e  American "Comsat" Corporation. 

Accordingly, 

- 

In addi t ion t o  t h e  i n t e r n a t i o n a l  systems, some countr ies  with large t e r -  

r i t o r i e s ,  such as  the  United S t a t e s  and Canada are planning t o  b u i l d  d i s t r i b -  

u t i v e  s a t e l l i t e  systems f o r  purposes of t e l e v i s i o n  broadcasting which are 
similar i n  a l l  r e spec t s  t o  t h e  Soviet  "Orbita" system. 

Some Conditions f o r  Real izat ion of S a t e l l i t e  Broadcasting Systems - - 

A s  w e  have already pointed out e a r l i e r ,  s a t e l l i t e s  f o r  p r a c t i c a l  communi- 
ca t ions  and broadcasting systems can be s t a t i o n a r y  o r  launched i n t o  a 
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considerably elongated e l l i p t i c a l  o r b i t .  

ments on the  broadcast ing system, each v a r i e t y  has t h e  following advantages 

and f ea tu res .  

From the  s tandpoint  of t he  requi re -  

S a t e l l i t e  -- i n  a S ta t ionary  Orbi t :  

--unlimited dura t ion  of continuous broadcast ing v i a  a s ing le  s a t e l l i t e ;  

--a minimum number of s a t e l l i t e s  t o  achieve a global  system; 

--comparatively simple design f o r  the ground h ighly  d i r ec t iona l  rece iv ing  

antenna which need not  r o t a t e  t o  follow the  s a t e l l i t e  as it moves i n  i t s  
o r b i t ;  it can be f ixed .  

s ing le  antenna. In t h e  case of a moving s a t . e l l i t e  two antennas a r e  required 

i n  p r inc ip l e ;  one t r a c k s  t h e s a t e l l i t e  from which the  transmission i s  coming 

and the second p icks  up the  second s a t e l l i t e  which a r r i v e s  t o  replace the  

f i rs t ;  

Continuous communication is  achieved by means of a 

--the s a t e l l i t e s  a r e  located beyond the l i m i t s  of  the  b e l t  of cosmic 

r ad ia t ion  which has a d i s tu rb ing  e f f e c t  on the  r ad io  apparatus on board; 

--the s t r eng th  of  the  s igna l  from the s a t e l l i t e  t o  the  ea r th  is constant ;  

- - there  is  no v a r i a t i o n  i n  the  frequency of the  r ad io  s igna l  caused by 

motion of t he  s a t e l l i t e  (Doppler e f f e c t )  and capable of d i s turb ing  the  t r a n s -  

mitted images; 

--a reduct ion of the p robab i l i t y  of mutual i n t e r f e rence  between the sat-  

e l l i t e  and ground communications s t a t i o n s  due t o  constancy of the d i r ec t ion  of 

a r r i v a l  of the  s i g n a l s  from the  s a t e l l i t e ,  making it poss ib le  t o  use ground 

antennas with f ixed  d i r e c t i o n  and t o  take measures t o  p ro tec t  t he  s a t e l l i t e  

from noise  o r ig ina t ing  i n  o ther  ground systems as well  as t o  p ro tec t  ground 
systems from noise  o r ig ina t ing  i n  the  ground s t a t i o n s  of a communications 

s a t e l l i t e  network. 
- /40 

S a t e l l i t e  i n  an E l l i p t i c a l  Orbi t :  

--it makes it poss ib l e  t o  have r e l i a b l e  recept ion  a t  high l a t i t u d e s  where 

- - -  

the  s t a t iona ry  s a t e l l i t e  does not ensure favorable  conditions f o r  recept ion 

due t o  the  small angle of  incidence of the wave r e l a t i v e  t o  t h e  horizon; 

- - there  are s impler  and more economical means f o r  launching the  s a t e l l i t e  

o r  a t  a height  a t  apogee equal t o  the radius  of  a s t a t iona ry  o r b i t ,  t he  
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p o s s i b i l i t y  of  placing a heavier  s a t e l l i t e  i n  o r b i t ;  

-- the p o s s i b i l i t y  of using one s a t e l l i t e  t o  broadcast  over t e r r i t o r i e s  

located i n  t h e  Western and Eastern Hemispheres. To do t h i s  a t  least two 

s t a t i o n a r y  s a t e l l i t e s  would be required.  

In construct ing global systems of  s a t e l l i t e  t e l e v i s i o n  broadcasting it 

w i l l  be advantageous t o  have combined use of  s a t e l l i t e s  i n  o r b i t s  of both 

types.  

In t h e  years  t o  come, it w i l l  be technica l ly  f e a s i b l e  t o  b u i l d  not only 

d i s t r i b u t i v e  but  a l s o  c o l l e c t i v e  broadcasting systems based on t h e  use o f  

e i t h e r  of  t he  two types o f  o r b i t ,  with consideration o f  t h e  advantages of one 

or  t h e  o ther  f o r  the given geographic conditions.  The general ly  ava i lab le  

type of  system w i l l  become t e c h n i c a l l y  f e a s i b l e  s t i l l  l a t e r .  However, t h e  

construct ion of  a s a t e l l i t e  with t h e  required technica l  c h a r a c t e r i s t i c s  w i l l  

s t i l l  be a long way from doing away with t h e  problems o f  s a t e l l i t e  broadcast-  

ing.  

only t h e  technical  so lu t ions  but t he  ac tua l  f e a s i b i l i t y  o f  t h e  system depends. 

One such problem i s  the  frequency band. For a long t i m e  it was f e l t  t h a t  

There a r e  many o the r  s e r ious  and contradictory problems on which not 

t he  .meter, decimeter and centimeter, waves could be used f o r  communication and 

broadcasting only over a small zone with a radius  of  40-60 km. This was con- 

s idered a shortcoming of t hese  bands, but a t  t h e  same time it was an ac tua l  
advantage s i n c e  it made it poss ib le  t o  use t h e  same waves many times i n  

various places  on the  globe with a considerable d i r e c t i o n a l i t y  of  t he  r a d i a -  
t i o n ,  even within t h e  l i m i t s  o f  a s i n g l e  neighborhood, i f  the transmissions 

were made i n  d i f f e r e n t  d i r e c t i o n s .  In addi t ion,  t h e  width of t h e  frequency 
bands i n  these  ranges i s  hundreds of  times g r e a t e r  than the  Itoldtt decameter 
band which is  near ly  completely occupied by operat ing radio s t a t i o n s  t h a t  have 

already begun t o  i n t e r f e r e  considerably with one another.  The meter, deci-  

meter and centimeter waves o f f e r  near ly  unlimited p o s s i b i l i t i e s  for f u r t h e r  /41 

development of  r ad io  broadcasting systems and r ad io  r e l a y  networks. This 

pos i t ion  changed somewhat when r ad io  communication l i n e s  developed using meter 

and decimeter waves with ionosopheric and t ropospheric  s c a t t e r i n g ,  making it 

poss ib le  t o  t ransmit  d i r e c t l y  without intermediate r e l a y  s t a t i o n s  over 

- 
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dis tances  up t o  2,000 km. The development of  t h i s  new type o f  communications 

v i a  s a t e l l i t e s  on the  one hand of fered  considerable hope f o r  successful  solu- 

t i o n  of some very important problems, while on the  o the r  hand it  has a l ready 

completely destroyed the  i l l u s i o n s  of t h e  unlimited capaci ty  of these  bands 

and has created a demand t h a t  w i l l  soon lead t o  the  same d i f f i c u l t  s i t u a t i o n  

which has a l ready ex i s t ed  f o r  a long time i n  t h e  decameter wave. 

A number of s t u d i e s  have already shown t h e  advantages of frequencies on 

the  order of 2 GHz f o r  s a t e l l i t e  t e l e v i s i o n  broadcast ing.  

a l ready widely used f o r  f ixed  and mobile communication systems; the quest ion 

of t he  p o s s i b i l i t y  and condi t ions f o r  combination o f  these systems w i t h  s a t e l -  

l i t e  broadcasting w i l l  r equ i r e  carefu l  discussion.  Other p ro jec t s  have recom- 

mended the  use of  bands a t  frequencies of about 650 and 800 MHz f o r  d i r e c t  

rad io  broadcasting from s a t e l l i t e s .  However, conventional "ground" t e l e v i s i o n  

broadcasting has a l ready  been planned f o r  these  bands and is  undergoing 

p r a c t i c a l  development. 

But t h i s  band i s  

In designing a s a t e l l i t e  t e l e v i s i o n  broadcast ing system, it is  necessary 

t o  take i n t o  account both t h e  enormous e f f e c t  of d i s tance  and the  l imited 

dimensions (and the re fo re ,  t he  power) o f  the  s a t e l l i t e .  This has forced de- 

s igners  t o  concentrate  on a s igna l  s t rength  on the  s a t e l l i t e  which i s  c lose  t o  

the  minimum admissible l i m i t .  A t  t h e  same time, however, t he  s igna l  s t rength  

of a ground broadcas t ing . t ransmi t te r  has such a value only a t  the  l i m i t s  of 

the zone it serves ,  and considerably exceeds the  minimum leve l  over most of  

t h i s  zone. 

considerable in t e r f e rence  from ground s t a t i o n s  broadcasting i n  the  same 

v i c i n i t y  i f  t he re  were not a s u f f i c i e n t  d i s tance  i n  the  range between the  bands 

i n  use i n  order  t o  obtain the  required tuning o f  the  rece iver .  

This would mean t h a t  s a t e l l i t e s  broadcasting would be subjec t  t o  

Since s a t e l l ' i t e  communications systems cover very la rge  t e r r i t o r i e s ,  the  

so lu t ion  of the  problem of  the  f r ee ing  t lexclusivelf  frequency bands f o r  t h e i r  

use i s  impossible without i n t e rna t iona l  agreement. 

b i l i t y  of increasing the  maximum admissible s igna l  s t rength  from s a t e l l i t e s  

broadcasting t o  e a r t h  can a l so  be solved only on an in t e rna t iona l  b a s i s .  

These problems belong t o  the  a rea  o f  so-cal led electromagnetic compatibi l i ty  

The problem of  the  poss i -  
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o f  d i f f e r e n t  radio- technical  systems, whose study has a l ready received con- 

s i d e r a b l e  a t t e n t i o n  i n  many coun t r i e s .  

o f  s e l e c t i n g  a system of s a t e l l i t e  broadcasting ( d i s t r i b u t i v e ,  c o l l e c t i v e ,  

e t c . )  w i l l  depend i n  l a rge  measure on t h e  s o l u t i o n  of  t h e  problem of  t h e  con- 

d i t i o n  of  electromagnetic compatibi l i ty .  

t h e  system and the  technica l  means f o r  s a t e l l i t e  broadcasting w i l l  depend i n  

t h e  f i n a l  analysis  on i t s  purpose, t h e  s i ze  o f  t h e  t e r r i t o r y  t o  be served by /42 
them, and espec ia l ly  on t h e  development of  o ther  broadcasting systems. 

consider t h a t  t h e  purpose o f  t h e  s a t e l l i t e  system has t o  do with acceptable 

expenditures by the  majority o f  t h e  population, we must reckon with t h e  f a c t  
t h a t  t he  majority of the population i n  many countr ies  i s  concentrated i n  t h e  

c i t i e s  and o ther  more o r  less s i g n i f i c a n t  populated a reas .  In other  cases ,  

however, t he  more press ing  problem may be broadcasting t o  mutually i s o l a t e d  

small populated areas  which a r e  economically unable t o  have a ground network 

f o r  t e l e v i s i o n  broadcasting. 

The determination of t h e  p o s s i b i l i t y  

I t  i s  p o s s i b l e  t h a t  t h e  s e l e c t i o n  o f  

- 
If we 

O f  t hese  two s i t u a t i o n s ,  t h e  f irst  i s  t h e  more press ing  a t  t h e  present  

time; t h e  problem of broadcasting f o r  densely populated t e r r i t o r i e s  i s  e s -  
p e c i a l l y  important because s i g n i f i c a n t  numbers of t h e  population a r e  concentra- 

t e d  i n  them. 

ce ive r s  with "rabbit  ears"  antennas i s  achieved i n  no more than 30 t o  40% of 

t h e  cases ,  while t he  required q u a l i t y  can be achieved i n  60 t o  70% of  t h e  

cases only by i n s t a l l a t i o n  of  a roof antenna. 

comparatively complex. For t echn ica l ,  economic and a e s t h e t i c  reasons,  t h e  

use of  master antennas i s  the  most advantageous way of  so lv ing  the  problem. 

O f  t he  USSR, a l l  newly b u i l t  residences a r e  equipped with master antenna 

systems. Similar measures a r e  being taken i n  o the r  coun t r i e s .  

Experience has shown t h a t  s a t i s f a c t o r y  image q u a l i t y  on re- 

Often these  antennas must be 

The second approach is  t o  use comparatively low power converters t o  supply 

a s igna l  of  s u f f i c i e n t  s t rength  t o  the  "rabbit  ears"  antennas. The indus t ry  
i n  t h e  USSR i s  producing, f o r  example, completely automatic t e l e v i s i o n  con- 

v e r t e r s  with a power of two wat t s  which are used i n  Kirghizia and some o ther  

locat ions i n  the  Soviet Union where t h e r e  are obs tac les  t o  t h e  construct ion of 

d i r e c t  r a d i o  wave propagation. 
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There is no doubt that collective television receiving systems will see 
further wide development in the years to come; this approach makes it possible 
to have sufficiently good reception of television broadcasts in cities. The 
successful use of systems of collective television reception will make it pos- 
sible to recommend them also for the organization of a satellite broadcasting 
system, with a comparison of the two possible systems being necessary in each 
case: master antennas and low power converters. 
for small populated areas with scattered low buildings. 

The second may be advantageous 

The method of collective reception, depending on the need, makes it pos- 
sible to realize the following advantages: 

--to use a separate antenna for satellite transmission reception, having 
improved characteristics with low expenditure for each individual subscriber; 

--to select for broadcasting the most suitable wavelength without worry- 
ing about the ability of the subscribers' receivers to pick up the signals on 
this wavelength; 

--to supplement the collective amplifier by a converter which will trans- 
form the signal broadcast by the satellite to one in the range picked up by the 
subscribers' receivers. 

It is quite likely that actual systems will be a combination of the two. 
The signal from the satellite will be able to be picked up on nearly all tele- 
vision broadcasting studios and at television relay points. 
ed up through the satellite will be included in the regular schedule of 
broadcasts for the territories served by these television centers and relay 
stations. 
at certain points that could.be picked up via the satellite is not excluded. 
However, in locations where the local television broadcasting has not yet been 
organized and television transmitters are lacking or are impractical due to the 
low population density, a system of collective reception may be organized. 

The programs pick- 

The possibility of organization of broadcasts of individual programs 

The dimensions of the zones served by a satellite system may be very large 
so that an increase in the territory and therefore in the number of subscribers 
will correspond to an increase in the economic efficiency of the system. 

case of very large areas, however, specific difficulties arise. 
In the 

One of these 
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is t h e  considerable d i f fe rence  i n  loca l  time a t  po in t s  i n  t h e  t e r r i t o r y  which 

are separated by a considerable amount of longitude. This d i f f i c u l t y  is  over- 

come i n  t h e  converter system, s i n c e  t h e  broadcasts from t h e  s a t e l l i t e  can be 

recorded on f i l m  and then broadcast  a t  a time more s u i t a b l e  f o r  t h e  population. 

Another d i f f i c u l t y  i s  t h e  increase i n  t h e  number of  languages of t h e  population 
of  t h e  zone being served. Indonesia can se rve  as a c h a r a c t e r i s t i c  example. 

This country i s  located on 6,044 inhabi ted i s l ands  on which about 100 mi l l ion  
people l i v e .  I t  i s  obvious how important and how . d i f f i c u l t  it is t o  organize 

r a d i o  and t e l e v i s i o n  broadcasting t h e r e ;  but i f  we a r e  t a l k i n g  about d i r e c t  
s a t e l l i t e  broadcasting, we must keep i n  mind f irst  of  a l l  t h a t  more than 100 

n a t i o n a l i t i e s ,  peoples and t r i b e s  l i v e  the re ,  speaking i n  d i f f e r e n t  languages 

and d i a l e c t s .  Having a s a t e l l i t e  system with t ens  o r  hundreds of  individual  

programs i n  d i f f e r e n t  languages is  a complicated so lu t ion  whose f e a s i b i l i t y  is  

s t i l l  not c l e a r .  

Another so lu t ion  i s  t o  broadcast  according t o  a schedule, with c e r t a i n  

t i m e  s l o t s  being set  a s ide  f o r  transmission i n  each language; however, t h e  e f -  

fect iveness  of t he  system f o r  each n a t i o n a l i t y  i s  severely l imited i n  t h i s  case. 

The t h i r d  approach i s  t o  supply t h e  audio por t ion  of a t e l e v i s i o n  broadcast  i n  

various languages simultaneously. For example, when t h e  t e l e v i s i o n  s t u d i o  i n  

t h e  c a p i t a l  of  Azerbaydzhan i s  broadcasting i n  the  Azerbaydzhani language, t h e  

program is picked up by Russian inhab i t an t s  a t  Baku but t h e  audio por t ion  o f  
t h e  program they s e e  i s  t ransmit ted i n  Russian. To accomplish t h i s ,  it w i l l  be 

poss ib le  t o  connect a spec ia l  attachment t o  the  t e l v i s i o n  rece iver  which can be 

purchased i n  s t o r e s .  

- /44 

The organizat ion of d i r e c t  s a t e l l i t e  broadcasting t o  l a r g e  t e r r i t o r i e s ,  

i n  Europe, Afr ica  and i n  t h e  nat ions of t h e  Far East comes up aga ins t  t h e  prob- 

lem o f  t h e  l a rge  number of  languages. In t h i s  case the  so lu t ion  of t h e  problem 

by means of  a multichannel, mul t i l ingual  audio por t ion  of  t h e  t e l e v i s i o n  broad- 

c a s t  using subscriber-owned attachments t o  s e l e c t  t h e  necessary language would 

be very complex. The only acceptable so lu t ion  t o  t h i s  s i t u a t i o n  is t o  use t h e  

converter system. The converter t e l e v i s i o n  s t a t i o n  could have an announcer- 

- i n t e r p r e t e r  and convert t h e  s i g n a l ,  rep lac ing  t h e  audio component o r  adding a 

sound channel i n  t h e  loca l  language. The so lu t ion  of  t h e  language problem i s  
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f a c i l i t a t e d  when serv ing  a small t e r r i t o r y ,  i . e . ,  i n  l oca l  broadcasting, but  i n  
t h i s  case it is  a l s o  poss ib le  t o  do away with t h e  need f o r  s a t e l l i t e  and use 

ground f a c i l i t i e s .  

l i t e  communication i n  those p laces  where it is more d i f f i c u l t  t o  do without 

s a t e l l i t e s .  In addi t ion ,  t he  concentrat ion of r ad ia t ion  from the  s a t e l l i t e  

within the  l i m i t s  of  a small t e r r i t o r y  leads t o  increased complexity and cost  

of the  s a t e l l i t e  s ince  a more p r e c i s e  o r i e n t a t i o n  of i t s  antennas is required 

and the  s i z e  and weight a r e  increased considerably.  Consequently, t h e r e  is a 

simultaneous reduct ion i n  the  number of ind iv idua ls  served (s ince the  t e r r i t o r y  

served i s  smaller)  and the re  i s  an increase i n  t h e  cos t  of t he  s a t e l l i t e  as 

well as increased cos t  of launching it. As a r e s u l t ,  t he re  i s  a considerable  

increase i n  the  cos t  of t he  s a t e l l i t e  system per  inhabi tan t ,  i . e . ,  t he  economic 

e f fec t iveness  of  t h i s  system is l e s s .  

This makes i t  poss ib l e  t o  reserve  the  frequencies  f o r  satel- 

Foreign l i t e r a t u r e  contains  pred ic t ions  o f  thekievelopment of t he  use 
of s a t e l l i t e s  i n  communications systems. For example, it is  asser ted  t h a t  

while s a t e l l i t e  communications i s  ab le  t o  serve  only the  most economically 

developed nat ions i n  the  1960s, by the  1970s it w i l l  a l ready be i n  use i n  small 
countr ies  and ind iv idua l  l a rge  c i t i e s ,  and i n  the  1980s increas ingly  l a rge  

groups of subscr ibers  w i l l  be t i e d  i n t o  t h i s  system. 

c i t y  system does not requi re  a s a t e l l i t e  and it would be much b e t t e r  t o  use 

ground f a c i l i t i e s .  A t  t he  same time, however, the  tendency t o  increase the  

number of communication s a t e l l i t e s  does not take i n t o  account the  l imi t a t ions  

of the  ava i l ab le  f requencies .  In addi t ion ,  t he  construct ion o f  s a t e l l i t e -  

-mounted antennas with considerable  d i r e c t i o n a l i t y  t h a t  w i l l  allow rad io  com- 

munication between the  s a t e l l i t e  and a small group of subscr ibers  without i n t e p  

f e r i n g  with the  zones of other  small groups i s  a very d i f f i c u l t  problem. 

idea l  so lu t ion  from the  s tandpoint  of preventing mutual i n t e r f e rence  i s  the use 

of cable  l i n e s .  

t o  t r a n s f e r  t o  it a l l  the  d i f f i c u l t i e s  t h a t  arose as a r e s u l t  o f - t h e  sho r t -  

comings o r  absence of wire and cable  l i n e s ;  i n  t h e  f i n a l  ana lys i s ,  t h i s  led t o  

a severe overloading of  the  r ad io  frequencies and a reduct ion i n  the  ac tua l  

e f fec t iveness  of the  rad io  communications system. Therefore, telecommunications 

In r e a l i t y ,  of course, a 

The 

But as soon as rad io  appeared, t he re  a l s o  appeared a tendency - /45 
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systems with free broadcasting o f  r ad io  waves must be used pr imar i ly  i n  those 

places  where no o the r  system can be employed. 

There is  s t i l l  another important f a c t o r  which complicates t he  s e l e c t i o n  

of  t h e  t echn ica l  so lu t ions  and has  an inf luence on t h e  p o t e n t i a l  r e a l i z a b i l i t y  

of  s a t e l l i t e  communication systems; it is  t h e  d i f fe rence  i n  na t iona l  standards 

of  broadcasting, e s p e c i a l l y  as concerns t e l e v i s i o n .  The problem of s tandards,  
l i k e  t h e  problem of  languages, arises a s  soon as t h e r e  i s  a plan f o r  using t h e  

pr inc ipa l  advantages of  s a t e l l i t e  systems f o r  broadcasting purposes, namely, 

coverage of  a l a rge  t e r r i t o r y .  This advantage can be achieved i n  t h e  majority 

o f . c a s e s  i n  i n t e r n a t i o n a l  systems, but  d i f f i c u l t i e s  a r i s e  due t o  t h e  f a c t  t h a t  

d i f f e r e n t  t e l e v i s i o n  s tandards a r e  used i n  d i f f e r e n t  coun t r i e s .  For example, 

t h e  USSR and many European countr ies  use a s tandard of 625 l i n e s  i n  a t e l e v i s i o n  

p i c t u r e ,  while t h e  United S t a t e s ,  Japan, Canada, Brazil  and other  countr ies  use 

525. The number of images t ransmit ted per  second i s  a l s o  d i f f e r e n t .  There a r e  

o ther  differences a s  w e l l .  A s i m i l a r  s i t u a t i o n  e x i s t s  i n  regard t o  color  t e le -  

v i s ion .  

Reception of  a broadcast  using a standard which does not  correspond t o  
t h a t  f o r  which t h e  rece iver  i s  designed i s  poss ib le  i f  t h e  standard is  con- 

ver ted;  t h i s  c a l l s  f o r  complicated equipment. Equipping every rece iver  with a 

standard converter i s  not  poss ib le  so t h a t  s a t e l l i t e  broadcasting with standard 

conversion can be considered p r a c t i c a l  only i n  t h e  converter  and c o l l e c t i v e  

systems. 

The establishment of  i n t e r n a t i o n a l  systems of s a t e l l i t e  communication calls 

f o r  t h e  so lu t ion  of  organizat ional  and technical  problems involving t h e  equal 

use o f  t he  s a t e l l i t e  by p a r t i c i p a t i n g  coun t r i e s .  This problem corresponds t o  

t h e  so-cal led l fmul t i - s t a t ion  accessff i n  s a t e l l i t e  communications systems f o r  

which an optimum techn ica l  s o l u t i o n  is  s t i l l  being sought. 

Summing up what w e  have s a i d  up till now, w e  can conclude t h a t  t h e  most 

p r a c t i c a l  systems f o r  s a t e l l i t e  communication i n  t h e  near  f u t u r e  w i l l  be t h e  

c o l l e c t i v e  and converter,  types, s i n c e  they make t h e  following possible:  

- - to  exp lo i t  t o  t h e  f u l l e s t  ex t en t  t h e  p o s s i b i l i t y  o f  receiving r ad io  and 

t e l e v i s i o n  programs broadcast  by a s a t e l l i t e  t o  subscr ibing r ece ive r s ;  t h e  
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converter  system a l s o  has t h e  p o s s i b i l i t y  of  recept ion  on por tab le  t r a n s i s t o r -  

ized r ece ive r s  whose popular i ty  is  increasing s t e a d i l y  among t h e  population; 

- - to  ,achieve complete compatibi l i ty  with t h e  master antenna systems now /46 

e x i s t i n g  i n  t h e  c i t ies  and enjoying increasingly wide appl ica t ion ;  

- - to  use t h e  optimum wavelength f o r  space communications on the  " s a t e l l i t e -  

-earth" l i n e ,  regard less  of t h e  wavelength on which t h e  subsc r ibe r s '  receivers  
can receive programs ; 

- - to  match t h e  s tandard of  t h e  t ransmit ted broadcast  t o  the  standard used 

i n  t h e  country receiving t h e  broadcast;  

-- to match t h e  schedule of i n t e r n a t i o n a l  broadcasts  i n  the  converter 

system with t h e  schedule of l oca l  and na t iona l  broadcast ing,  a l s o  f o r  t he  con- 

venience of  t h e  consumers ; 

- - to  repeat  important broadcasts by t r a n s c r i b i n g  them and broadcasting 

them l a t e r  a t  a more s u i t a b l e  hour; 

--to use a number o f  r ad io  s igna l  converters and s p e c i a l  devices on t h e  

t t s a t e l l i t e - e a r t h t l  l i n e  f o r  t h e  b e s t  transmission q u a l i t y  and t h e  l e a s t  noise 
in t e r f e rence ;  

- - to  l o c a t e  t h e  ground receiving s t a t i o n s  i n  an a rea  where t h e  bes t  recep- 
t i o n  conditions can be a t t a i n e d  f o r  a given country; 

- - to  reduce t h e  power, weight, s i z e  and t o  s impl i fy  t h e  design of t h e  

s a t e l l i t e  aboard t h e  t r a n s m i t t e r ,  as  well as  t h e  devices f o r  providing e l e c t r i -  

c a l  power, thus leading t o  a general  reduction i n  cos t  of t h e  most expensive 

p a r t  of t h e  system, t h e  s a t e l l i t e ,  and a l s o  t o  an increase i n  i t s  r e l i a b i l i t y ;  

- - to  reduce the  in te r fe rence  caused i n  ground telecommunication systems by 

t h e  rad ia t ion  from t h e  s a t e l l i t e ,  by reducing t h e  power o f  t h e  t r a n s m i t t e r  

aboard the  l a t t e r  and using highly d i r e c t i o n a l  rece iv ing  antennas a t  t h e  ground 
s t a t i o n s ,  highly s e n s i t i v e  r ece ive r s ,  e tc .  

The question arises of  whether it is  poss ib le  t o  work on developing an 

adaptable o r  s p e c i a l  system of  s a t e l l i t e  broadcasting as well as a general ly  

ava i lab le  system. The answer t o  t h i s  question must be an unconditional t'Yestt. 



Our country contains  enormous t e r r i t o r i e s  with harsh cl imates  and d i f f i c u l t  

na tu ra l  condi t ions.  In order  t o  give t h e  ind iv idua l  l i v ing  and working i n  

these  areas  the  maximum bene f i t s  of cu l tu re ,  t o  g ive  them an e f f e c t i v e  and 

d a i l y  communication with the  c u l t u r a l  cen ters  of t he  na t ion ,  it i s  extremely 

important t o  provide them with an opportuni ty  t o  rece ive  t h e  programs of  the  

c e n t r a l  t e l e v i s i o n  se rv ice .  In  t h i s  case,  it is  completely poss ib le  t o  use re- 
ce ivers  which a r e  s p e c i a l l y  designed f o r  d i r e c t  recept ion  of t e l e v i s i o n  pro- 

grams from a s a t e l l i t e .  Consequently, the  cons t ruc t ion  of s a t e l l i t e s  f o r  direct  

t e l e v i s i o n  broadcast ing i s  an extremely important problem and a considerable  

amount of work must be expended i n  t h i s  d i r e c t i o n .  

S a t e l l i t e  communication i s  already playing an important r o l e  i n  develop- 

ment of the t e l e v i s i o n  and r ad io  broadcasting indus t ry ,  and t h i s  r o l e  w i l l  in-  

c rease  considerably i n  t h e  near  fu tu re .  

network of  ground r ad io  s t a t i o n s ,  but  w i l l  be  a va luable  supplement t o  i t ,  they 

w i l l  make poss ib le  a considerable  increase i n  the  in t e rna t iona l  exchange of  

t e l e v i s i o n  programs and w i l l  speed up the  spread o f  r ad io  and t e l ev i s ion  t o  

a reas  where it i s  present ly  s t i l l  d i f f i c u l t  t o  organize t ransmission o f  pro- 

grams by ground means. 

an expansion of ground broadcast ing f a c i l i t i e s  i n  a l l  d i r ec t ions .  

Although they w i l l  not replace the  

- /47 

The use  of s a t e l l i t e s  w i l l  increase  simultaneously with 
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